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ABSTRACT 
Treatment of midportion Achilles tendinopathy and partial tear pathology 
is particularly challenging, with surgical treatments characterized by 
prolonged recoveries, modest outcomes, and up to 11% complication 
rate, while more recent minimally invasive strategies including 
percutaneous tenotomy, platelet-rich plasma injection, and tendon 
hydrodissection have at best demonstrated mixed results. We 
hypothesize that failures from available surgical and minimally invasive 
treatments occur because they address only part of the pathology (e.g., 
orthobiologics focused on promoting tendon growth without addressing 
the burden of diseased, degenerative tendon tissue). Similarly, 
percutaneous or surgical debridement while removing pathologic tissue 
unfortunately leaves large voids in the tendon with hopes of creating a 
vascular and healing response that will fill the void. Herein, we present a 
novel multifaceted approach with a corresponding case report of three 
sequential, minimally invasive therapies utilizing unique yet 
complimentary mechanisms of action: debridement with percutaneous 
ultrasonic tenotomy, tissue void grafting with allograft connective tissue 
matrix, and promotion of tendon repair/regeneration with harvested 
bone marrow concentrate. This case is of a 39-year-old male recreational 
athlete who failed two years of conservative care and orthobiologic 
injections for his midportion Achilles tendinopathy and partial tear. 
Following treatment with percutaneous ultrasonic tenotomy and injection 
of allograft connective tissue matrix along with autologous bone marrow 
concentrate, he returned to most athletic activities by three months and 
ultimately achieved a full asymptomatic and functional recovery by six 
months with complete healing of his partial tendon tear on follow-up 
magnetic resonance imaging. 
 

Keywords: Achilles tendinopathy; tenotomy; bone marrow concentrate; 
connective tissue matrix; orthobiologics; ultrasound.  
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Introduction 
The Achilles tendon is one of the largest tendons 
in the body. Its macro- and micro-structure, 
coupled with its physiology, make it unique1. 
During loading activity such as running, the Achilles 
tendon can transmit forces that are 12.5 times a 

2. Studies have shown this 
ability was mainly due to the collagen fibers 
orientation, alignment and dispersion, and the 
mineralized fibrocartilage anchoring the tendon to 
the bone3,4. The Achilles tendon needs eccentric 
forces to promote collagen turnover and 
remodeling that result in a more durable and 
resilient tissue architecture5,6. The alignment of 
collagen fibers is a large factor in the Achilles 

loading. Tendon injury leads to misalignment of 
collagen fibers, and inflammatory destruction of 
the extracellular matrix that compromises the 
tensile architecture7. This complex structure and 
fragile balance between loading and remodeling, 
combined with suboptimal vasculature within the 
mid-substance, may be the reason Achilles 
tendinopathies are so difficult to treat and 
subsequently heal.  
 

Incidence of tendon injuries are 0.2% in the general 
population8. In a focused analysis looking at a 
group of 3379 runners, Achilles tendinopathy 
affected 4.2%, with 23.7% localized to the insertion 
and 63.8% occurring at the mid-substance9. 
Achilles tendon injuries are typically overuse 
injuries thought to be due to small microtears that 
accumulate due to suboptimal healing with poor 
blood supply in a watershed area 2-6 cm proximal 
to the tendon insertion on the calcaneus, that can 
ultimately result in partial tears or possible 
complete rupture10-12. The nutrition for healing 
relies on the paratenon to create the environment 
for healing13. Depending on the microenvironment, 
attempted tendon healing can result in non-
functional fibrous scar tissue that disrupts the 
normal architecture of the tendon making this area 
mechanically weaker and more prone to re-injury14. 
The role of macrophages in modulating this 

reparative process is pivotal. Their polarization to 
inflammatory pathways mediated by interferons 
and steroid receptor activation could lead to a 
failed fibrotic healing response15. When this 
cascade leads to macrophage dysfunction, it is 
crucial to debride the tissue to preserve the 
tendon's functional architecture and promote a 
regenerative microenvironment through essential 
cell signaling molecules. 
 

Historically, first-line treatment for Achilles 
tendinopathy has been a multimodal conservative 
approach that includes activity modification with 
relative rest, shoewear modifications such as heel 
lifts, and a physical therapy program. Physical 
therapy includes progressive concentric and 
eccentric strengthening exercises, generally over 
2-3 months12,16,17. When those treatments fail to 
restore Achilles tendon function, patients typically 
turn to potential procedural/surgical options.  
 

Surgery in these patients has been shown to be 
effective in 70%-85% of cases, however length of 
recovery and adverse events need to be 
considered18,19. In cases of partial tear pathology, 
the surgery consists of debridement and side-to-
side or end-to-end repair of the tendon. Patients 
are typically managed with protective weightbearing 
(e.g. CAM boot) for 6-8 weeks depending on the 
volume of debrided tendon and extent of repair, 
while maintaining range of motion at the ankle with 
care to avoid excess tension with dorsiflexion past 
neutral during the early healing phases. Activity 
tolerance is then measured by pain, and the patient 
is slowly weaned back into regular activity with 
physical therapy for a total of 12-14 weeks of 
recovery. The treatment timeline for surgery tends 
to be about two weeks to one month longer than 
conservative treatments, with more chances for 
complications16,20. Open surgical intervention has a 
10.5% risk of complications as compared to 
minimally invasive procedures, which have a 5.3% 
risk21. When looking at open repairs of 432 
mid/insertional tendinopathy, complications for 
open repairs occurred about 11% of cases. These 
complications included wound necrosis (3%), 
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superficial infection (2.5%), sural nerve injury (1%), 
seroma (1%), hematoma (1%), and hypertrophic 
scar (1%). Overall, the reoperation rate was 3%22.  
 

A common minimally invasive procedure is the 
endoscopic Achilles tendon repair. This technique 
uses an arthroscopic cannula and small incisions 
made on either side of the tendon. Proposed 
surgical advantages are better evaluation of the 
tendon, debridement, and mobilization of the 
tendon ends, accurate passage of needles and 
guided approximation of tendon ends23. Treatment 
advantages are mainly the decrease in infection 
rates24. Though this treatment is considered 
minimally invasive, it still requires multiple incisions 
as compared to the method discussed next.  
 

The use of percutaneous ultrasonic tenotomy for 
Achilles tendinopathy has not been well studied. 
However, it has shown promising results in chronic 
elbow tendinopathies25. Though the results are not 
statistically significant, debridement of dead tissue 
in conjunction with regenerative substances could 
provide better outcomes.  
 

Orthobiologic treatments utilize naturally occurring 
cells and growth factors that promote healing. 
These critical components can be concentrated 
and then introduced into diseased tissue such as 
cartilage, bone, ligament, or tendon to initiate the 
healing cascade. These include cells, growth 
factors, and proteins whose functions are to 
promote the healing of these tissues. Two such 
growth factors in tendon healing are vascular 
endothelial growth factor (VEGF) and insulin-like 
growth factor 1 (IGF-1). VEGF and IGF-1 are highly 
expressed during tendon healing and have been 
shown to be associated with upregulation of 
angiogenesis and collagen synthesis, respectively26. 
VEGF, in particular, peaks in the early stages of 
tendon healing, and high levels are associated with 
pericytes (tendon progenitor cells) and matrix 
metalloproteinases that can influence tendon 
tensile strength27. Though these molecules have 
been found in the microenvironments of healing 
tendons, understanding how to harness these 
molecules for healing is still debated.  

Two orthobiologic treatment interventions that 
have been researched for Achilles tendinopathy 
are platelet-rich plasma and bone marrow 
concentrate. When comparing the composition of 
these substances, studies show significant 
differences that could be influential in clinical 
management. Platelet-rich plasma houses 
substances such as alpha granules that contain 
growth factors such as VEGF and IGF-1 that initiate 
healing cascades through the paracrine effect28. 
Paracrine signaling, in this instance, allows these 
growth factors to promote the regenerative 
cascade directly through diffusion to adjacent 
cells29. Several randomized controlled trials and 
meta-analyses have studied the efficacy of platelet-
rich plasma in Achilles tendinopathy but these 
studies have not shown statistically and clinically 
significant benefit30-32.  
 

The clinical outcomes of bone marrow concentrate 
in Achilles tendinopathy have not been studied as 
much as those of platelet-rich plasma, but several 
theoretical benefits of bone marrow concentrate 
exist compared to platelet-rich plasma in 
tendinopathy. First and foremost, bone marrow 
concentrate contains a significantly greater amount 
of Interleukin-1 receptor antagonist protein33, a 
potent anti-inflammatory cytokine that reduces 
matrix degradation and enhances collagen 
deposition34,35. Also, platelets in bone marrow 
concentrate are younger and demonstrate a higher 
concentration of interleukin-4, interleukin-10, and 
interferon gamma that may have greater anti-
inflammatory potential36,37. Lastly, bone marrow 
concentrate contains more mesenchymal/stromal 
stem cells that carry extracellular vesicles 
promoting a more robust regenerative healing 
through the paracrine effect33,38.  
 

Recent studies have shown that the addition of an 
acellular scaffold connective tissue matrix could 
help to replenish the extracellular matrix frequently 
damaged or absent in areas of tissue disruption 
and chronic inflammatory changes, and aid in the 
growth and maturation of healthy tendon tissue 
through improved cell adhesion and local cell 
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signaling39. Connective tissue matrix can be 
sourced from various tissues and with resultant 
variabilities in content and connective tissue matrix 
concentration. One such commercially available 
product is Interfyl (Celularity, Mahwah, NJ), a de-
cellularized flowable allograft particulate derived 
from placental tissue. Interfyl has shown numerous 
benefits in cell adhesion/proliferation studies and 
wound healing compared to other matrices40.  
 

Current invasive treatment options for Achilles 
tendinopathy focus on only one mechanism of 
healing and as such, they address only part of the 
pathology. For example, orthobiologics focus on 
promoting tendon growth without addressing the 
burden of diseased, degenerative tendon tissue. 
Meanwhile, percutaneous or surgical debridement 
leaves large voids in the tendon with hopes to 
create a vascular and healing response without an 
appropriate local environment or scaffold to 
facilitate appropriate cell binding for healing cells 
recruited to the area.  
 

Herein, we present a novel combinatorial concept 
with a corresponding case report of three 
sequential, minimally invasive therapies that utilize 
unique, complimentary mechanisms of action: 
debridement with percutaneous ultrasonic tenotomy 
to remove damaged tissue, filling the void with 
connective tissue matrix, and promoting tendon 
regrowth with bone marrow concentrate41.  

Case Description  
A 40-year-old male avid hiker presented to an 
outpatient sports medicine clinic with 18 months of 
persistent right posterior ankle pain. Symptoms 
were insidious without a particular inciting event, 
worse with long walks, hiking, and jumping. He had 
failed conservative care with four months of formal 
physical therapy, relative rest, and a heel lift, and 
showed no improvement within 12 months after an 
ultrasound-guided intratendinous leukocyte-rich 
platelet-rich plasma injection. Physical exam 
showed swelling with tenderness to palpation at 
midportion of the Achilles tendon. Radiographs 
were without any obvious calcific changes or other 
skeletal irregularity, and diagnostic ultrasound (US) 
showed tendinosis and a partial longitudinal tear in 
the midportion Achilles tendon.  
 

Magnetic resonance imaging (MRI) confirmed the 
US findings, with midportion Achilles tendinosis and 
a large partial-thickness interstitial tear (18 x 4 x 3mm). 
Pathology and treatment options were discussed, 
and he decided on a sequential, staged treatment 
approach that included percutaneous ultrasonic 
tenotomy, connective tissue matrix injection, and a 
bone marrow concentrate procedure. 
 
 

 

 
 

Figure 1: Fat suppressed T2-weighted magnetic resonance image of the distal leg with an arrow showing an 18 x 4 x 3 mm 
hyperintense lesion in the midportion Achilles tendon, consistent with an interstitial partial tear. (A) is the axial view and (B) is the 
sagittal view. 
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Consent was obtained for all procedures. With the 
patient in a prone position for the entire 
procedure, a US-guided popliteal block was 
performed with 12 ml of 1% lidocaine by the senior 
author (MK) for peri-procedural anesthesia42. Using 
US guidance, a medial-to-lateral approach to the 
tendon was utilized to avoid the sural nerve, and a 
4mm incision was made with an 11-blade in the 
skin at two locations along the tendon 
approximately 15 mm apart. Subsequently, an 18-
gauge 1.5 inch needle was passed through the 
area of tendinosis from medial to lateral with 
approximately 15 passes at each incision site for 
initial tenotomy. The needle was withdrawn, and 
Tenex TX-1 needle probe (Tenex Health, Lake 
Forest, CA, USA) was used to debride and 
tenotomize the area of tendinosis with a total cut 
time of 150 seconds. Then, 1.5-ml Interfyl mixed 
with 1.5-ml normal saline was injected with US 
guidance into the area of tendinosis and tear.  
 

Bone marrow concentrate and platelet-rich plasma 
procedures were performed ten days after the 
tenotomy, and connective tissue matrix injection 
was performed to allow for the expected post-
procedural edema to decrease. Each of bilateral 
posterior iliac crests were identified under 
ultrasound and anesthetized with 10ml lidocaine 
1% with epinephrine, to minimize post-procedural 
bleeding. Then, a popliteal block, as described 

above, was performed. Ten minutes after 
periosteal lidocaine injection, an 11-gauge 
jamshidi was utilized to penetrate beneath the left 
posterior iliac crest boney cortex, and 2ml bone 
marrow was aspirated into a 10ml syringe 
preloaded with 1ml A-CDA and 0.25ml heparin 
1:10,000. Jamshidi was advanced 2-5 mm deeper 
before another 2ml bone marrow was aspirated. 
This procedure was repeated until 30ml bone 
marrow was aspirated into three 10ml syringes, and 
then repeated on the contralateral posterior iliac 
crest. Small volumes of bone marrow were 
aspirated in this manner to achieve higher 
mesenchymal stem cell counts and lower 
peripheral blood contamination size.43 60ml 
antecubital blood was aspirated with a 17-gauge 
needle and large-bore tubing to decrease 
premature platelet activation. Bone marrow and 
blood were centrifuged separately under 
leukocyte-rich protocols with an Arthrex Angel 
centrifuge (Arthrex, Naples, FL). Then with a 22 
gauge 1 ½ inch needle and US guidance, 4ml 
platelet-rich plasma and 4ml bone marrow 
concentrate was peppered into the area of Achilles 
tendinosis and partial tear as shown in Figure 2. 
 
 
 
 

 

 
 

Figure 2: Ultrasound image of the short-axis, in-plane bone marrow concentrate injection into the Achilles Tendon using a medial-
to-lateral approach. 
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Post-procedural care included limited partial 
weight bearing in a full-length boot day and night 
for two weeks after the percutaneous ultrasonic 
tenotomy, then full weight bearing in the boot for 
the next 2-3 weeks until follow-up. Heat was 
utilized for post-procedural pain control as well as 
oral oxycodone only for the two days following the 
bone marrow concentrate and acetaminophen. 
Non-steroidal anti-inflammatory drugs were 
avoided for two weeks before and two weeks after 
the bone marrow concentrate procedure. Physical 
therapy began one week after the bone marrow 
concentrate, beginning with range of motion and 
isometric exercises, progressing to concentric calf 
strengthening between 2-4 weeks post-procedure. 
By 6 weeks, eccentric calf strengthening began and 
progressed until 3 months post-procedure.  

By three months post-procedure, he was 
completely pain-free and had returned to long and 
fast walking on even surfaces but had not returned 
to hiking. At his six-month follow-up he remained 
100% pain-free and achieved a full functional 
recovery, including jumping sports and day hikes 
of 20 miles with over 5,000 feet of elevation gain. 
At his one and two-year follow-up examinations, he 
remained pain-free and functioned at his prior 
level.  Interestingly, there was still focal swelling 
and tenderness at both the three and six-month 
follow-up examinations, both of which had 
resolved by one year. Repeat MRI at seven months 
showed complete healing of previous Achilles 
tendon interstitial tear, as shown in Figure 3. He 
experienced no complications during his recovery. 

 

 
 

Figure 3: Fat suppressed T2-weighted magnetic resonance image of the distal leg revealing complete resolution of the hyperintense 
lesion in the midportion Achilles tendon shown in the pre-treatment MRI. (A) is the axial view and (B) is the sagittal view. 
 

Discussion:  
Achilles tendinosis and partial tears have been a 
clinical challenge for foot and ankle surgeons and 
sports medicine physicians. Surgical interventions 
carry risks, including potential prolonged recovery 
time frames and increased potential for wound 
healing issues, all of which cause hesitation for 
many patients. At the same time, arrested and 
incomplete healing is not uncommon with 
standard-of-care conservative treatments, resulting 
in continued pain and functional limitations.  

While orthobiologic treatments have shown 
tremendous success for most tendons, the majority  
of studies are negative for the Achilles 
tendinopathy. Potential reasons for this include 
physiology and stretching of the Achilles tendon, 
unique mechanical load based on the Achilles 
tendon with normal daily activities and athletics, 
and perhaps more importantly the propensity to 
develop excessive scar formation following minor 
injury. When looking at prior studies of just 
platelet-rich plasma or bone marrow concentrate 
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for Achilles tendinopathy, the data fails to show a 
significant difference. The patellar tendon, similar 
in physiology to the Achilles tendon, also fails to 
show significant improvement when using platelet-
rich plasma or bone marrow concentrate in 
isolation44. Despite this, there are studies that show 
the success of platelet-rich plasma and bone 
marrow concentrate in physiologically different 
tendons. The most successful tendon with 
orthobiologics is currently the common extensor 
tendon. When compared to steroid injections, 
platelet-rich plasma improves the Disabilities of the 
Arm, Shoulder and Hand questionnaire score and 
visual analog scale significantly for up to 2 
years45,46. Similar results are seen in plantar 
fasciopathy, with significant improvement in multiple 
randomized controlled trials47. Furthermore, Kirschner 
et.al assessed the efficacy of combinatorial 
regenerative treatments for tendinopathy. In this 
randomized controlled trial, they compared 
percutaneous needle tenotomy combined with 
platelet-rich plasma versus percutaneous needle 
tenotomy alone. They included all tendinopathies 
and found no significant difference between the 
two groups at the 1-year and 2-year follow-ups48. 
These tendons, however, are physiologically and 
molecularly different and must be treated under 
different techniques.  
 

Percutaneous ultrasonic tenotomy provides a 
minimally invasive mechanism of increasing blood 
flow, breaking up and debriding fibrotic and 
diseased tendinopathic tendon tissue, and 
resetting the neovascularization process25. Tiny 
voids are left in a tendon following both a tear, as 
well as following a tenotomy or debridement 
procedure. Interfyl is an acellular scaffold 
connective tissue matrix that provides a cell-
friendly healing and microstructural environment 
through enhanced cell binding potential for new 
cellular and collagen growth following either a tear 
or a debridement procedure. It may also enhance 
tendon progenitor cells, as well as tenocyte growth 
and differentiation40. One study has assessed the 

clinical outcomes of percutaneous ultrasonic 
tenotomy alone for Achilles tendinopathy. 
Chimenti et al looked at functional recovery post-
percutaneous ultrasonic tenotomy for 34 patients 
(40 tendons total) with chronic insertional Achilles 
tendinopathy49. The results of this study showed 
most patients with moderate to severe Achilles 
tendon pain noted a significant pain improvement, 
but the majority of patients remained with 
persistent mild pain at long-term follow-up. 
Despite this shortcoming, this study did showcase 
the safety of the percutaneous ultrasonic tenotomy 
procedure with only one mild superficial skin 
infection among 40 procedures completed.  
 

Once the fibrotic and diseased Achilles tendon 
tissue has been debrided and the voids following 
the debridement and tear have been filled with 
extracellular scaffold connective tissue matrix such 
as Interfyl, growth factors and mesenchymal stem 
cells may facilitate growth and remodeling of new 
tendon tissue33,38,40. Multiple methods exist 
through which bone marrow concentrate and 
platelet-rich plasma facilitate this healing, 
including the release of growth factors from the 
alpha granules of platelets that initiate the natural 
healing cascade, the paracrine effect from 
mesenchymal stem cells, and the enhanced growth 
differentiation of native tendon progenitor cells 
and tenocytes28,29,33-35. Two other clinical studies 
have used bone marrow concentrate to treat 
Achilles tendon pathologies. Thueakthong et al 
published a retrospective case series of 15 patients 
with Achilles tendinopathy (five insertional, eight 
midportion, and two combined) treated with bone 
marrow concentrate50. The average pain 
improvement at the 48-week mark was 3.22/10 
according to the numeric rating scale, and there 
were no complications. Stein et al published a 
retrospective case series of 27 patients with 
Achilles tendon rupture treated with a surgical 
repair combined with a bone marrow concentrate 
augmentation, averaging a follow-up length of 30 
months51. The average time to return to light 
activities was 3.4 months, and 90% of the cohort 
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were fully returned to their respective sport by 5.9 
months. There was no Achilles tendon re-rupture 
among patients in this cohort.  
 

This case is a high-level recreational athlete with 
Achilles tendinopathy and partial tear who had 
previously been unresponsive to physical therapy, 
activity modification, rest, anti-inflammatory 
medications, and leukocyte-rich platelet-rich plasma 
injection. Many potential explanations exist, both 
for why his Achilles tendon did not heal initially with 
conservative measures, and for why profound 
symptomatic and advanced imaging improvement 
occurred following a combined procedure of 
percutaneous ultrasonic tenotomy, Interfyl 
injection, and bone marrow concentrate injection.  
 

We hypothesize that the chronic tendinosis in this 
Achilles tendon necessitated tenotomy and 
debridement of fibrotic and diseased tendinopathic 
tissue before re-initiation of the healing cascade 
could sufficiently occur. Bone marrow concentrate 
may be more powerful than platelet-rich plasma, 
which is why we chose it as our major orthobiologic 
treatment for this case involving the Achilles 
tendon--one of the most poorly responsive 
tendons to orthobiologic treatments in the body. It 
is because of this recalcitrant nature and extent of 
tissue disruption that an allogenic extracellular 
matrix product was added following the 
percutaneous ultrasonic tenotomy. 
 

The purpose of this report is to describe a novel, 
minimally invasive treatment combination for a 
historically challenging and recalcitrant diagnosis 

treatment of midportion Achilles tendinopathy 
and partial tearing refractory to exhaustive 
conservative care and leukocyte-rich platelet-rich 
plasma. Indeed, this combination approach with 
percutaneous ultrasonic tenotomy, Interfyl injection, 
and bone marrow concentrate injection led to a 
complete symptomatic and functional recovery 
and resolution of the tear on follow-up MRI.  
 

Limitations include those typical of a case report
most importantly a single case and no external 
control however this patient serves as his own 

control as he had already failed conservative 
treatments including relative rest, physical therapy, 
and a leukocyte-rich platelet-rich plasma injection.  
 

Further basic science and clinical studies of this 
treatment combination are necessary to optimize 
the management of Achilles tendinopathy 
associated with a partial tear. The commonness of 
Achilles tendinopathy, the high frequency of 
conservative treatment failures, and the risks and 
recovery time of surgical treatments highlights the 
necessity of this further research. 
 

Conclusion 
Combined treatment with percutaneous ultrasonic 
tenotomy, injection of allogenic connective tissue 
matrix, and US-guided bone marrow concentrate 
injection achieved complete symptomatic and 
functional recovery with MRI resolution in this case 
of midportion Achilles tendinopathy with a large 
partial-thickness interstitial tear. 
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