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Abstract: 

Introduction: Patients with peripheral neuropathy (PN) who undergo high-frequency spinal cord stimulation (HF SCS) therapy may now benefit from total ankle arthroplasty (TAA). This patient population was previously excluded from eligibility for TAA as PN was an absolute contraindication. Now, risks of PN are reduced through HF SCS therapy, involving the surgical implantation of a device in the patient’s epidural space, ultimately interrupting the central processing of peripheral nerves and providing disease-modifying neurological improvements. These improvements diminish the risks faced by patients with PN, making them eligible to receive TAA. This case report seeks to determine whether TAA is a viable option for patients who have had their PN improved with HF SCS therapy. 
Methods: We performed TAA on three patients with PN whose symptoms were previously improved with HF SCS therapy. Radiographic and functional outcome data was collected on these patients for 12-19 months postoperatively.
Results: Functional and radiographic follow-up over 12-19 months showed favorable outcomes with no major postoperative complications, suggesting safety and feasibility.
Conclusion: The results of this case series show that TAA is a viable treatment option for patients with PN who undergo HF SCS therapy to manage their symptoms and should no longer be considered an absolute contraindication for this population. By providing potentially disease-modifying neurological improvement, including motor strength, reflexes and sensation, HF SCS therapy diminishes the risk factors associated with PN and allows for a safe postoperative course following TAA. To our knowledge, there are no reports described in the literature of TAA being performed on this patient population. This case report will add to the evidence in support of expanding the indications for TAA to include individuals with PN being managed with HF SCS therapy.

Level of Evidence: Level IV
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Introduction:

Ankle arthritis is a progressive disabling condition that occurs when cartilage in the ankle joint breaks down, leading to incongruencies within this joint as well as a decrease in the quality of periarticular bone1. Previous trauma to the ankle joint is the number one etiology, representing approximately 70% of all cases. Rheumatoid disease is the second leading cause, but it falls far behind, accounting for a mere 12% of cases2. 

[bookmark: _heading=h.1fob9te]Approximately 1% of adults globally suffer from ankle arthritis3,4. This condition typically presents at approximately 50 years of age, disproportionately affecting a younger population when compared to arthritis of other joints3. Ankle arthritis results in significant pain, chronic disability and diminished quality of life5. Individuals with this condition tend to have fewer total steps per day and slower walking speeds when compared to age-matched controls5. This limitation on activity may have a deleterious effect when it comes to an individual's ability to perform activities of daily living, their economic productivity as well as their mental health6. 

Treatment of ankle arthritis depends on the stage of this condition. Conservative methods are typically implemented in the initial stages. These methods involve the use of orthotics and bracing, administration of corticosteroids and NSAIDs, as well as activity modification and physical therapy7. Operative management is indicated for those with pain unreceptive to conservative care, particularly those with end-stage arthritis5. End-stage arthritis involves cartilage loss and bone-on-bone contact with total or subtotal disappearance or deformation of the joint space5. Ankle arthrodesis (AA) and total ankle arthroplasty (TAA) are the two primary surgeries for treatment of end-stage ankle arthritis5. 

AA has been a common treatment option to manage end-stage ankle arthritis for its reproducible results and longevity8. AA, which involves fusion of the tibiotalar articulation, treats pain by eliminating ankle joint motion. Although the relief provided may be long-lasting, it has the risk of nonunion, longer recovery time and altered gait9. The eradication of motion in the ankle joint following AA may also alter the biomechanics of adjacent joints, particularly in the hindfoot, leading to the accelerated degeneration of these joints10. As such, TAA may be better indicated than AA for individuals with preexisting periarticular joint degeneration as it preserves ankle joint mobility, causing less compensatory motion and stress to adjacent joints11.

TAA involves the removal of the ankle joint and replacement with a prosthetic. TAA is an attractive option for its ability to preserve the ankle joint's range of motion. While first-generation implants had a high rate of complications, advances in implant design and technology have led to implants with more favorable outcomes. Unique materials and technologies such as patient-specific instrumentation have led to a more anatomic alignment of the implants as well as decreased intraoperative time and postoperative complication rates12,13. These outcomes are comparable, and in some cases superior, to those of AA, with the added benefit of preservation of motion in the ankle joint, improved gait, shorter recovery time and possible conservation of adjacent joints13. There is still a risk of additional or revisional surgery following TAA, even though there is a success rate of greater than 90% at 7-12 years after this surgery14. 

Historically, the ideal candidate for TAA was a reasonably mobile, mid-to-older aged patient with normal body mass index, good bone stock, minimal deformities and no neurovascular impairment to the lower limb15. Patients who did not fit this criterion had no choice but to proceed with AA16,17. Recent developments have reduced the contraindications for TAA and now allow its use in a broader patient population, including those with peripheral neuropathy (PN).

PN is an umbrella term referring to all disorders that result in injury to nerves within the peripheral nervous system18. This condition is thought to be multifactorial, with over 100 different causes identified to date18,19. Diabetes is considered the most important risk factor, accounting for 18-49% of all PN cases19. Other known risk factors include genetics, alcohol abuse, neurotoxic medications, such as chemotherapeutic drugs, and nutritional deficiencies20. PN affects millions of people worldwide, with an estimated prevalence as high as 1-12% of the general population21.

PN has a wide array of symptoms and is associated with poor outcomes in patients undergoing foot and ankle surgery22,23. These symptoms range from nuisances, such as numbness and tingling sensations, to the more dire, such as severe chronic pain, insensibility and loss of proprioception. The latter two are particularly perilous as they may be limb-threatening. Individuals with PN have an increased risk of postoperative infection, ulceration, need for revision surgery and may also develop a neuropathic process25,26,27. Due to these risks, PN has long been considered an absolute contraindication for TAA28. But, with the advent of spinal cord stimulation (SCS) therapy, this absolute contraindication is no longer the case.

SCS involves surgically implanting in the epidural space a device that alters the central processing of peripheral nerves. This device reduces PN symptoms through either low or high-frequency electrical pulses29. Originally, only low-frequency SCS (LF SCS) was used to treat chronic pain syndromes and involved delivering low-frequency electrical pulses (40-60Hz) directly to the dorsal column to generate paresthesia along painful areas30. But studies have demonstrated that LF SCS is inferior to high-frequency SCS (HF SCS) in its ability to decrease pain31.

HF SCS involves the delivery of high-frequency (10kHz) electrical pulses to the T8 to T11 spinal epidural space31. This type of therapy is paresthesia-independent, relieves chronic leg pain and decreases the symptoms of painful PN without the patient experiencing any stimulation-related paresthesia. HF SCS may also provide disease-modifying neurological improvements, as suggested in a recent multicenter randomized controlled trial evaluating the long-term impact of HF SCS32. Participants in this trial who were given HF SCS in addition to their conventional pharmacological management experienced decreased pain and increased foot sensation compared to those who only received pharmacological management, suggesting improved neurological function32.

The HF SCS device’s disease-modifying effects may be attributed to the positive effect this device has on nerve fiber density as well as on the electrophysiologic and neurochemical processing in the spinal cord dorsal horn. Enhanced nerve regeneration as a result of HF SCS therapy has been confirmed via corneal confocal microscopy as well as through intra-epidermal nerve fiber (IENF) density evaluations. A recent study demonstrated an increase in corneal nerve (CN) density and IENF density of 189% and 147%, respectively, from baseline after six months of HF SCS therapy33. The exact mechanism of how HF SCS initiates CN and IENF regeneration is unknown. 

Recent literature has sought to elucidate the underlying mechanism of action of HF SCS through experimentation on rodent models. Wang et al. showed that HF SCS therapy can restore protective sensation by reducing the size of the receptive field in the dorsal horn on diabetic neuropathic rodents34,35. Receptive fields are areas of the body that a sensory nerve fiber innervates. Receptive field reorganization, including enlargement, can occur after damage of peripheral nerves36. An enlarged receptive field is typically encountered in neuropathic patients, which has been correlated with increased pain and decreased spatial acuity36,37. Wang et al.’s rodent model demonstrated a reduction of pain response and hypersensitivity to stimuli as well as a reduced receptive field size after one week of stimulation with HF SCS therapy38. This normalization of the receptive field may partially explain the curative effects beyond pain relief of HF SCS therapy. Alterations in glutamatergic signaling in the dorsal horn have also shown to be associated with neuropathic pain39. In another rodent study, this altered spinal glutamate processing was partially restored following HF SCS therapy, suggesting a normalization of spinal excitability40. Together, these findings indicate that HF SCS therapy may not only treat the symptoms of PN but also the underlying cause.

The improvement of neurological function due to HF SCS has opened the door for more patients to receive TAA who previously would’ve been excluded. As HF SCS technology is cutting-edge, more insight is required to understand the effectiveness of TAA on this expanded patient population. This case report seeks to assess outcomes for those who receive TAA while managing their nondiabetic PN with HF SCS therapy by evaluating the success of this surgery for such individuals.

We hypothesize that TAA is a safe and viable option for individuals with end-stage ankle arthritis who have demonstrated improvement of their neurological function due to HF SCS therapy. By providing potentially disease-modifying neurological improvement, including motor strength, reflexes and sensation, HF SCS therapy diminishes the risk factors associated with PN and potentially allows for a safe postoperative course following TAA. As such, PN should no longer be considered an absolute contraindication for this patient population. To our knowledge, there are no reports of TAA being performed on this patient population described in the literature. This case report will add to the evidence in support of expanding the indications for TAA to include individuals with PN being managed with HF SCS therapy. 

HF SCS Therapy Overview

As HF SCS therapy is a new technology, we have provided a detailed explanation of how it works in this section.

Appropriateness for HF SCS therapy is primarily determined from the patient’s history as well as through clinical and psychological evaluation. A history of the patient’s symptomatology is taken, where the patient is asked questions such as “How long can you walk before pain limits you?” and “Have you had spine surgery previously?” A pain management provider will then determine whether a patient is a candidate for HF SCS therapy.

Pain management providers may utilize HF SCS therapy as an alternative or complementary approach when pharmacological management is unable to provide adequate pain relief. First-line medical management typically includes gabapentinoids and duloxetine, while second line medical management includes tricyclic antidepressants, tramadol and opioids. If these treatments fail to provide adequate pain relief, then providers may recommend HF SCS therapy.

Once HF SCS therapy is recommended by a pain management provider, candidates undergo a trial period with an external device to determine the short-term response to treatment. The trial lasts anywhere from several days to a week. First, percutaneous stimulation electrodes are placed under fluoroscopy in the posterior epidural space at vertebral levels ranging from T8 to T11. An external HF SCS device is then connected to these leads and taped to the patient’s back, staying there for the length of the trial. The leads and devices are typically removed at the end of the trial period. Patients who report at least 50%33 pain relief from baseline after the trial period are eligible for the next step in this process, which is permanent implantation.

The HF SCS device is permanently implanted into eligible patients after the trial period. Surgical implantation involves two incisions: one midline at the level of the upper lumbar spine and the other at the intended implantable pulse generator (IPG) site. The leads are then inserted into the epidural space utilizing a 14-gauge Touhy needle under AP fluoroscopic guidance. Similar to the HF SCS trial, the two leads are positioned at the anatomical midline in a staggered fashion in the dorsal epidural space between T8 and T11. These leads are typically placed with one tip at the top of the T8 vertebral body and the second tip at the mid-T9 vertebral body41. Lateral fluoroscopy is used to confirm the dorsal positioning of these leads. The leads then are sutured to the supraspinous ligament or deep fascial tissue with lead lock anchors and non-absorbable suture. Next, a subcutaneous pocket is created along the flank, above the belt line or in the buttock for placement of the rechargeable IPG41. Finally, a tunneling device is utilized to route the leads subcutaneously to the pocket site and connect them to the IPG. The electrical integrity of the device is checked with intraoperative impedance testing. The patient remains under anesthesia during the entire procedure as no patient feedback is required. This procedure is generally performed on an outpatient basis. Postoperative protocol prohibits excessive bending, reaching and lifting for the first 6-20 weeks following surgery.
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Figure 1.  Image depicting Nevro’s HFX iQ  device and accompanying mobile app interface.


Programming of the device occurs postoperatively and as needed during routine clinic visits based on the patient’s feedback regarding their pain intensity. The device delivers stimulation at a high frequency of 10 kHz and a short-pulse duration of 30 µsec, with a low amplitude ranging from 1-5 mA42. These parameters yield no paresthesia sensations, unlike LF SCS. The pulse amplitude may be adjusted on a case-by-case basis to maximize the individual patient’s pain relief. This adjustment may be made by a provider or automatically with the assistance of AI through an app available to patients through their personal electronic devices.

Complications include implant site pain, infection and lead migration. Lead migration rates range from 2.1-23%42, although recently these rates have been comparatively low, likely due to better device technology, implantation techniques and patient selection42. No stimulation-related serious adverse events or neurological deficits have been reported in the literature32,33, 41,42. 

Case Presentation

We performed TAA on 3 (three) patients who suffered from ankle arthritis as well as PN. All three patients in this case series had nondiabetic PN with etiologies including hereditary, alcohol induced and idiopathic. Each patient attempted medical management with minimal relief of their neuropathic symptomatology. These patients all received HF SCS therapy with the Senza® OmniaTM or HFX iQTM (Nevro, CA) systems prior to their TAA. After starting HF SCS therapy, the patients’ PN symptoms were reduced from baseline, although this level fluctuated from day to day. The percentage of this change was reported periodically by the patients using an app on their mobile devices. The patients’ arthritic ankle pain either remained the same or was aggravated following this decrease in symptoms. After the TAA, clinical and radiographic follow-up examinations exhibited improved ankle motion and joint congruency as well as pain reduction and high patient satisfaction. Only minor complications were present during the postoperative course, including neuralgia and stiffness; no complications typically associated with PN were observed (Table 1).
Table 1: Presentation of Three case details
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Case 1

A 70-year-old male presented with a history of worsening right ankle pain secondary to post-traumatic arthritis as well as PN symptoms. The patient had a right ankle and talar fracture over 50 years ago, which was managed nonoperatively. He reported debilitating ankle pain leading to extensive discomfort with activity, such as ambulating or standing, at the time of initial presentation. The patient tried and exhausted conservative treatments recommended by a prior provider, including bracing, activity modification, NSAIDs and corticosteroid injections. His comorbidities included hypertension, acid reflux, thyroid disease and PN, likely hereditary in origin.

Physical examination of the patient revealed diminished sensation along with pain and limitation of motion to the right ankle and subtalar joints. There was crepitus with motion of the right ankle joint and persistent point tenderness throughout the joint as well as to the medial and lateral ankle gutters. Light touch sensation and vibratory response were absent at the level of the right ankle along the sural, saphenous, deep/superficial peroneal and tibial nerve distributions.

We evaluated the ankle joint, leg length and hindfoot alignment by reviewing weight-bearing (WB) radiographs as well as a computed tomography (CT) scan of the foot and ankle. This imaging demonstrated extensive degenerative changes, including spur formation, subchondral cysts and sclerosis along the ankle and subtalar joints. Extensive heterotopic ossification was present along the posterior ankle, particularly along the posterior talus, where a very large hypertrophic Stieda process was apparent. Signs of avascular necrosis, including density changes and collapse, were evident throughout the talus. No valgus or varus tilting was noted when comparing the hindfoot to the distal tibia. Right and left limb lengths were found to be within acceptable limits. 

The patient was referred to an interventional pain management provider for management of his PN symptoms after our initial consultation. His PN symptoms included numbness and tingling sensations for which pharmacological management offered little relief. The provider determined that the patient was a candidate for HF SCS therapy and enrolled him in a trial, which lasted approximately four weeks. He transitioned to a permanent HF SCS device, the Senza® OmniaTM system (Nevro, CA), once he achieved a 50% reduction of his PN symptoms. By the time of operative intervention, the patient had been undergoing PN management for approximately five months and had demonstrated reduction of his PN symptoms ranging from 20-55%. This reduction made him a candidate to obtain a TAA.

The patient received a TAA with a total talus replacement (TATTR). The decision was made to perform a TATTR with subsequent subtalar arthrodesis given the patient’s extensive ankle and subtalar joint arthritis with talar collapse as a result of avascular necrosis of the talus. A custom talar component (Restor3d, NC) with fully threaded screws to achieve a subtalar joint fusion was utilized along with the ProphecyTM INBONETM total ankle system (Stryker, NJ). The INBONETM system was chosen for its ability to control torsional as well as frontal, transverse and sagittal plane instability through its intramedullary component. 

Postoperatively, the patient had no immediate complications. He did not experience any wound dehiscence, infection, deep venous thrombosis or neuritis symptoms. At his final appointment before discharge five months after receiving his TAA, the patient had a nonantalgic gait and no pain when his ankle joint was palpated. He did have some slight stiffness and mild difficulty with dorsiflexion but experienced no limitations on his ability to ambulate or perform daily tasks. Radiographs showed anatomic alignment of the total ankle and total talus components, with no loosening, no cystic formation, and no subtle tilt of the polyethylene implant. This patient made no further reports of complications at the time of writing, twelve months after his TAA.
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Figure 2. Preoperative radiographs, showing extensive degenerative changes along the ankle and subtalar joint with collapse of the talus and peritalar heterotopic ossifications from the anteroposterior (A) and lateral (B) views. Postoperative radiographs demonstrate insertion of a Inbone tibial component with five stems, a custom talar implant with threaded screws and snap-off pins within the medial malleolus for a medial tibia reinforcement from the anteroposterior (C) and lateral (D) views.

Case 2

A 59-year-old male presented with the chief complaint of chronic right ankle pain as well as numbness and tingling sensations to his bilateral lower extremities. The patient reported a history of a motor vehicle collision 10 years ago, leading to an ankle injury that was managed nonoperatively. In addition, he related a history of multiple ankle sprains while growing up playing sports. The patient stated that his symptoms had progressed to the point where he was no longer able to perform basic tasks, such as ambulating, without severe pain in his right ankle. The patient had attempted physical therapy, NSAIDs, rest and activity modification without alleviation of his symptoms. The patient’s past medical history was significant for alcohol induced PN, cancer, high blood pressure, hypercholesterolemia and gout. His PN had been confirmed with a prior electromyography test, with results suggestive of polyneuropathy. 

Physical examination of the patient revealed intact sensations with limitation of motion and tenderness to the right ankle joint. The patient had crepitus and a right ankle range of motion of approximately 7 degrees of dorsiflexion and 20 degrees of plantarflexion. There was also persistent point tenderness to palpation over the anterior, medial and lateral joint. Sensation was intact to the sural, saphenous, deep/superficial peroneal and tibial nerve distributions with intact vibratory and proprioceptive response.

We evaluated the ankle joint, leg length and hindfoot alignment by reviewing WB radiographs as well as a CT scan of the foot and ankle. This imaging showed a non-congruent, arthritic ankle joint with approximately 10 degrees of varus deformity. Bone-on-bone contact was observed along the right ankle joint with osteophyte formation, cystic changes and subchondral sclerosis. Subtle cavus foot type and heel varus were identified in the right foot radiographs. No significant leg length discrepancy was noted. 

The patient was referred to an interventional pain management provider for treatment of his PN after our initial consultation. The patient was found to be a candidate for HF SCS therapy and underwent a trial period with an external device. The patient achieved an 85% reduction of his PN symptoms within five days of starting the trial period. A permanent HF SCS device, the Senza® HFX iQTM (Nevro, CA), was implanted several weeks following the initial trial placement. The patient reported an increase in arthritic pain to his right ankle joint as the numbness that masked this pain decreased with HF SCS therapy. Overall, the patient's PN symptoms were reduced by up to 85% in the two months he underwent HF SCS therapy prior to his surgery. The patient did report some days of 0% relief, but this outlier is likely due to human error when reporting.

The reduction of the patient’s PN symptoms made him a candidate for a TAA. The ProphecyTM INFINITYTM tibial component (Stryker, NJ) was utilized as the patient’s tibia was healthy and without significant angular deformity at the level of the ankle. The patient had a varus deformity of 10.9 degrees, which was corrected with tibial and talar resections as delineated by the ProphecyTM system. Concomitant balancing of the ankle ligaments was also performed to achieve optimal alignment of the ankle joint. 

The patient had no postoperative complications. He was ambulating in a CAM walker boot and had initiated physical therapy by postoperative week five. By postoperative week eight, the patient was pain-free, active and able to return to work without limitations. This patient made no further reports of complications at the time of writing, 18 months after his TAA.
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Figure 3. Preoperative radiographs, showing degenerative changes with 10.9 degree varus talar tilt from the anteroposterior (A) and lateral (B) views. Postoperative radiographs demonstrate insertion of an Infinity with Adaptis technology tibial and talar components and snap-off pins within the medial malleolus for a medial tibia reinforcement with correction to neutral talar tilt from the anteroposterior (C) and lateral (D) views.

Case 3

A 55-year-old female presented with a several-year history of right ankle pain aggravated by burning and tingling sensations in the bilateral hindfoot and ankle. The patient had a history of a high ankle sprain to the right ankle, managed operatively with an ankle stabilization and syndesmotic repair with suture button fixation. She had no significant past medical history except for idiopathic neuropathy. Her right ankle symptoms included pain with motion, particularly with ambulation, stiffness and weakness. Conservative treatments were attempted, including activity modification, rest, corticosteroid injections, nonsteroidal anti-inflammatories and narcotic medications, which offered no long-term improvement of her symptoms. At the time of initial presentation, the patient was taking daily narcotics and gabapentin for management of her PN and right ankle pain. The patient also underwent multiple spinal injections, which provided only short-term relief of her PN. 

Physical examination of the patient revealed tenderness along the right lateral and medial ankle. The patient had intact sensation, vibratory response and proprioception with a positive Tinel’s sign along the superficial peroneal, saphenous and sural nerves. Positive neuritis was noted along the saphenous nerve distribution, extending along the medial portion of the foot. Range of motion to the right ankle was painful and restricted but without crepitus. 

We evaluated the ankle joint, leg length and hindfoot alignment by reviewing WB radiographs, a CT scan of the foot and ankle as well as an electromyography (EMG) test. The imaging showed ankle arthrosis with osteophyte formation as well as joint space narrowing and incongruence. A varus tilt deformity at the level of the ankle joint of approximately 12 degrees was also identified on radiographs. No significant leg length discrepancy was present. The EMG test was positive for mononeuropathy in the right peroneal and sural nerve distribution.

The patient attempted a trial with an external device and saw a 65% symptom reduction along the saphenous nerve distribution within a few days of initiating therapy. A permanent HF SCS device, the Senza® OmniaTM (Nevro, CA), was implanted several weeks following the initial trial placement. The patient reported intensified pain along her right ankle joint as the numbness that obscured this pain decreased with HF SCS therapy. By the time of operative intervention, the patient had been undergoing management of PN for over a year and had demonstrated a greater than 90% reduction of PN symptoms along the saphenous nerve distribution. 

The reduction of the patient’s PN symptoms made her a candidate for a TAA. The ProphecyTM INFINITYTM tibial component (Stryker, NJ) was utilized given the mild varus deformity and the adequate bone stock of the tibia. The patient’s mild varus deformity was corrected with tibial and talar resections as delineated by the ProphecyTM system. Proper ankle alignment was achieved without any ancillary procedures.

Postoperatively, the patient had complaints of tingling and burning sensations along the anterior surgical incision site, but these did not affect her quality of life. She also reported pain along the anterior ankle joint and medial gutter. Physical therapy and an ankle corticosteroid injection provided relief from these discomforts. This patient made no further reports of complications at the time of writing, 19 months after her TAA.
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Figure 4. Preoperative radiographs, showing degenerative changes with 12.8 degree varus talar tilt from the anteroposterior (A) and lateral (B) views. Postoperative radiographs demonstrate insertion of an Infinity with Adaptis technology tibial and talar components and a snap-off pin within the medial malleolus for a medial tibia reinforcement with correction to neutral talar tilt from the anteroposterior (C) and lateral (D) views.

Discussion

This case series demonstrates that PN is no longer an absolute contraindication for TAA, especially for patients who have had their PN partially or entirely reversed through HF SCS therapy. None of the major postoperative complications associated with PN in the literature, including infections, wound healing problems or need for revision surgeries, were encountered. These complications are the primary reason PN is considered an absolute contraindication for TAA. In their absence, the prohibition on TAA for individuals with PN undergoing HF SCS therapy needs to be reevaluated.

We believe that HF SCS therapy’s disease-modifying capabilities may decrease the risk of the postoperative complications traditionally associated with PN. PN has been associated with an increased risk of postoperative Charcot neuroarthropathy43, infection, ulceration as well as the need for revisional surgery25,26,27. Wukich et al. showed that, when comparing nondiabetic patients with neuropathy with nondiabetic patients without neuropathy, neuropathic patients had a greater than fourfold increased risk of surgical infection compared with patients without neuropathy22,23. Yet none of our patients experienced any of these complications, even those who did not achieve a consistent reversal of PN symptoms. Advances in the treatment of PN, specifically with HF SCS therapy, now mean the risks that made it an absolute contraindication for TAA are no longer as impactful as they previously were.

Patients whose PN is being managed by HF SCS should have the choice of a potentially superior option to treat their end-stage ankle arthritis. Currently, due to the absolute contraindication of PN for TAA, this patient population is only eligible to receive an AA. Yet TAA has benefits that AA does not. When utilizing methods such as gait analysis, TAA surpasses AA in terms of mobility44,45,46,47. The improvements in mobility equate to superior range of motion, less limp and a better balanced gait when comparing TAA to AA. Similarly, these patients will likely have a lower risk of arthritis in surrounding joints, especially if they have prior ipsilateral hindfoot arthritis10,11,48,49,50,51. Mid- to long-term data on TAA and AA suggest potentially lower incidence and rate of progression of ipsilateral periarticular joint arthritis after TAA50. Given these benefits, the paradigm that currently prevents patients with PN from treating their end-stage ankle arthritis with a TAA needs to be reconsidered when they are undergoing HF SCS therapy.

Our case series has limitations, which means any paradigm shift should take a conservative approach. The number of patients studied in this case series is small, although not insignificant. We therefore caution against any extrapolation or unsupported conclusions that TAA would be appropriate for all patients suffering from PN who undergo HF SCS therapy. Instead, this case series only supports the assertion that PN is no longer an absolute contraindication for this patient population. Further study is required to delineate the exact conditions under which TAA is and is not appropriate for patients with PN undergoing HF SCS therapy. 

Likewise, the follow-up time for this case series was relatively short. The detrimental effects of PN following foot and ankle surgery appear to be predominantly during the first postoperative weeks; we followed up with the featured patients for 8-19 months, beyond this timeframe. Although none of the complications typically associated with PN appeared during this postoperative period, the time frame may not be long enough to determine with certainty whether these or other complications are completely absent. Further studies are needed that increase the number of patients as well as their postoperative follow-up time to help develop a more accurate understanding of the outcomes and complications of performing a TAA on patients who have partially or completely reversed their PN with HF SCS therapy.

This case series has also laid the foundation for further study into the effect of HF SCS therapy on patients suffering from PN who receive a TAA. For instance, HF SCS therapy is considered reversible32, meaning that a patient’s PN may return if they stop this therapy. Yet there is a paucity of data describing the speed and scale of this return. Discontinuing this therapy, especially early in the postoperative period, may create the risk to the patient of the same complications that made PN an absolute contraindication for TAA. There are many unknowns as this technology is new, but the potential benefit to this patient population warrants a cautious approach and additional research. 

More importantly, HF SCS therapy may mean that TAAs may be safely offered to other types of patients who suffer from PN, such as patients whose diabetes is well controlled. This case series focused on patients who had nondiabetic PN. But diabetics compose 18-49% of all PN cases19. If HF SCS therapy offers the same improvements to this patient type as it does to nondiabetics, then TAA may also be an option for well controlled diabetics with PN. Further study is required as there may be risk factors associated with this patient type, such as cardiovascular complications52, which means TAAs still would be unsafe, regardless of the effectiveness of HF SCS therapy. There are many unknowns as this technology is new, but the potential benefit it offers warrants a cautious approach and additional research. 

Conclusion

By providing potentially disease-modifying neurological improvement, including motor strength, reflexes and sensation, HF SCS therapy diminishes the risk factors associated with PN and likely allows for a safe postoperative course following TAA. The results of this case series show that TAA is a viable treatment option for patients with PN who undergo HF SCS therapy to manage their symptoms and should no longer be considered an absolute contraindication for this population. 

To our knowledge, there are no reports described in the literature of TAA being performed on this patient population. This case report will add to the evidence in support of expanding the indications for TAA to include individuals with PN being managed with HF SCS therapy.
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Table 1

Case Number Age Gender Comorbidities Etiology PN PN Intervention Etiology ESAA ESAA Intervention _ Complications Total Follow-Up
Case 1 70 Male PN, HTN, Thyroid ~ Hereditary Permanent HF SCS Post-traumatic; TAA with TTR None 12 months
Disease 20-55% Symptom Prior ankle and talus ~ STJ arthrodesis
Reduction fracture
Case 2 59 Male PN, HIN, HLD, Alcohol-induced  Permanent HF SCS Post-traumatic; TAA None 18 months
Gout 85% Symptom Prior MVA Soft tissue balancing
Reduction
Case 3 55 Female PN Idiopathic Permanent HF SCS Post-traumatic; TAA Incisional burning 19 months
~90% Symptom Prior lateral ankle and tingling
Reduction Stabilization and Medial ankle gutter
pain

TableKey  PN- Peripheral Neuropathy, HIN- Hypertension, HF SCS- High-frequency Spinal Cord Stimulation, TAA- Total Ankle Arthroplasty. TTR- Total Talus Replacement, STI- Subtalar
Joint, HLD- Hyperlipidemia, MV A- Motor Vehicle Accident
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