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Background  
Total ankle arthroplasty (TAA) has become a reliable option for end-stage ankle arthritis 
management with good to excellent survivorship with modern 4th generation implant 
designs. In cases of implant failure, an array of revision implant options is necessary but 
not readily available to address all the nuanced requirements. We put forth a case series 
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of revision total ankle arthroplasty (rTAA) to report the early experience and feasibility of 
3D printed custom stemmed tibial trays (CSTT). 

Methods  
Six unique patients (7 ankles) who underwent revision TAA due to primary implant 
failure were retrospectively identified. The patient population was with a single surgeon 
at a tertiary care center from May 2023-March 2024. At time of revision, all patients had 
a CSTT inserted onto a total talus replacement, and a minimum 1-year follow-up. 
Demographic data and pertinent medical history were recorded. Alignment was recorded 
with the medial distal tibial angle (MDTA) and anterior distal tibial angle (ADTA) at first 
weight bearing radiograph and most recent follow-up. Other key outcomes included 
reoperation, visual analog scale (VAS) pain score, and radiographic evidence of lucency or 
subsidence. 

Results  
Six patients (7 ankles) underwent revision TAA with a custom implant with an average 
final follow-up of 21.0 months (range 13-30.3). On average, patients were 61 years old 
with a BMI of 25.7 kg/m2. All 7 revisions underwent concomitant total talus 
replacements, and 6 underwent subtalar arthrodesis. Mean VAS at final follow-up was 3.3 
out of 10 (range 3-5.5). MDTA and ADTA were comparable between immediately 
postoperative and most recent radiographs. No patients required reoperation. 

Conclusion  
CSTTs can be a viable option in the armamentarium of a foot and ankle surgeon in the 
setting of rTAA and allow for minimal bone loss due to patient-specific instrumentation 
designed to fit unique morphologies. Further follow-up is necessary to examine implant 
longevity at mid- and long-term intervals. 

INTRODUCTION 

The number of revision total ankle arthroplasties (rTAA) 
has increased in recent years, mirroring the rise in primary 
total ankle arthroplasties (TAA). From 2005 to 2017 there 
was a 155% increase in TAA, with 1,170 TAAs performed in 
2017 (Shah et al. 2025). The number of TAA is projected to 
increase by another 110-796% by 2030 (Shah et al. 2025). 
As the use of TAA expands, so too does the complexity of 
handling implant failures. Issues such as infection, pros
thesis malpositioning, loosening, and periprosthetic frac
tures can all compromise implant stability and patient out
comes (Jennison et al. 2022). Among these challenges, bone 
loss presents a particularly difficult and variable scenario 
as patient bone quality and quantity can require innovative 
implant solutions. 

Given the increasing demand of TAA operative strate
gies, new implant systems with customized solutions have 
emerged as viable strategies to effectively manage bone 
loss and optimize functional outcomes. Small series have il
lustrated acceptable outcomes of patient-specific TAA com
ponent implantation in both primary and revision scenarios 
(Valan et al. 2024; Wagener et al. 2017) The integration of 
advanced customizable systems in complex revision scenar
ios with challenging bone defects holds the potential to sig
nificantly optimize patient outcomes. 

Despite the rise in available off-the-shelf primary and 
revision implant systems, the literature on custom implant 
use in rTAA remains limited, especially in relation to the 
tibial component. Custom Short-Stemmed Tibial Trays 
(CSTT) match the patient’s tibial anatomy and incorporate 

a stem extension that projects into the tibial canal to en
hance fixation. Customization is achieved through ad
vanced imaging and allows the implant to precisely fit the 
patient’s unique bony morphology (Belvedere et al. 2019). 
This is particularly advantageous in rTAA patients who pre
sent with abnormal anatomy or compromised bone stock. 
Therefore, this study aims to share the safety and early ex
perience of CSTT in rTAA. 

METHODS 

We performed a retrospective analysis of adult patients who 
underwent rTAA with a single fellowship-trained foot and 
ankle surgeon at a tertiary academic medical center be
tween May 1st, 2023, and April 1st, 2024. Institutional Re
view Board approval was granted prior to study initiation. 
Inclusion criteria were patients who had undergone rTAA 
using an Apex [Zimmer, Warsaw, IN] CSTT and a minimum 
1-year clinical follow-up. A standardized rehabilitation 
protocol from a single surgeon was utilized. 

Data collected included age at the time of surgery, length 
of follow-up, time to weight bearing, adherence to postop
erative physical therapy (PT), reported visual analog scale 
(VAS) pain scores at final follow-up, and reoperation. Radi
ographic parameters included lucency, subsidence, and the 
medial distal tibial angle (MDTA) and anterior distal tib
ial angle (ADTA). The MDTA and ADTA were measured as 
the angle between the tibial axis and the tibiotalar joint 
line on anteroposterior and lateral radiographic views, re
spectively (Figure 1). Lucency and subsidence were subjec
tively evaluated by a post-residency orthopaedic foot and 
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Figure 1. Radiographic measurements used to assess component alignment following rTAA.          
(A) Medial Distal Tibial Angle (MDTA) — measured on the anteroposterior radiograph as the angle between the tibial anatomical axis and the tibial plafond. 
(B) Anterior Distal Tibial Angle (ADTA) — measured on the lateral radiograph as the angle between the tibial anatomical axis and the distal tibial joint surface. 
These angles were evaluated postoperatively and at final follow-up to assess implant alignment and stability over time. *Note: Measurement lines were enhanced for visibility and do 
not represent original measurement. 

ankle surgery fellow. Changes between immediate postop
erative and most recent radiographs were calculated. De
scriptive statistics were used to summarize patient char
acteristics and clinical outcomes. This study received no 
external funding. 

For the total talus component, the contralateral talus 
and remaining native anatomy were used to guide implant 
sizing and shape. Similarly, for the CSTT, preoperative CT 
assessed tibial bone stock to identify regions of optimal 
bone quality and structural support for stem fixation. The 
implants were additively manufactured [Paragon28, Zim
mer] using patient-specific imaging data. The total talus 
prostheses are available in cobalt chromium and titanium 
alloy. The lag time from implant design freeze to delivery 
was approximately 8-12 weeks and the cost for both im
plants’ ranges based on institutional contracts with the 
manufacturer. 

RESULTS 

DEMOGRAPHICS AND BASELINE CHARACTERISTICS 

Six unique patients underwent rTAA using a 3D-printed 
CSTT. One patient underwent bilateral rTAA, resulting in 
7 CSTT implants total with a minimum 1-year follow-up. 
Demographics and baseline characteristics of each case can 
be viewed in Table 1. The mean age at the time of surgery 
was 60.0 years (range, 36–80), and 3 patients (50%) were 
female. The mean preoperative body mass index (BMI) was 
25.7 kg/m². No patients had diabetes, while 2 patients 

(28.6%) had a history of malignancy and 2 (28.6%) reported 
a history of tobacco use (both former smokers). The primary 
indication for the index TAA in 6 out of 7 cases was post-
traumatic arthritis. The most common implant for primary 
TAA was the Cadence Total Ankle System [Smith+Nephew; 
Memphis, TN] (3), followed by the Scandinavian Total An
kle Replacement [Enovis; Wilmington, DE] (2), Agility Total 
Ankle System [DePuy Synthes, Warsaw, IN] (1), and INFIN
ITY [Stryker; Kalamazoo, MI] (1).] 

SURGICAL CHARACTERISTICS 

Indications and surgical characteristics regarding the CSTT 
revision procedure are displayed in Table 2. Failure was 
often driven by failure of the tibial component (4 cases, 
57.1%). One surgeon performed all CSTT procedures, but 4 
out of 7 primary TAAs were performed by other providers. 
Average time from primary TAA to CSTT implantation was 
6.43 years (range 2.4 – 14.6 years). The most common con
comitant procedure at time of CSTT implantation was total 
talus replacement (7/7 cases) followed by subtalar arthrode
sis (6/7 cases). Other concomitant procedures included 
talonavicular fusions (4/7 cases) and prophylactic fixation 
of the medial malleolus (2/7 cases). Due to the high propor
tion of subtalar fusions, the average time to weight bearing 
was 69.14 days postoperatively. The single case that did not 
receive a subtalar fusion began weight-bearing as tolerated 
at 1-month postoperatively. 
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Table 1. Demographic and Baseline Characteristics. Abbrev. M, Male; F, Female; BMI, Body Mass Index. TAA,               
Total Ankle Arthroplasty.    

Case 
ID 

Years 
of Age 

BMI Sex Diabetes Cancer 
history 

Tobacco 
history 

Index TAA 
etiology 

Primary TAA 
Implant 

1 78 24.25 F No Yes No Post-traumatic 
arthritis 

Cadence 

2 63 31.38 M No No No Post-traumatic 
arthritis 

Agility 

3 36 24.83 M No No No Post-traumatic 
arthritis 

Cadence 

4 64 29.44 M No Yes Former Osteoarthritis Infinity 

5 80 25.9 F No No Former Post-traumatic 
arthritis 

Cadence 

6 49 21.95 F No No No Post-traumatic 
arthritis 

STAR 

7 50 21.95 F No No No Post-traumatic 
arthritis 

STAR 

Table 2. Surgical Characteristics. Abbrev. ORIF, open reduction internal fixation. STAR, Scandinavian Total            
Ankle Replacement. CSTT, Custom Stemmed Tibial Tray. TAA, Total Ankle Arthroplasty.            

Case 
ID 

Reason for 
failure 

Months 
from 
TAA to 
CSTT 

Concomitant procedures at time of revision Postoperative 
Physical 
Therapy 

Time to 
weightbearing 
(days) 

1 Talar 
component 
loosening 

38.9 total talus replacement + subtalar fusion Yes 76 

2 Persistent 
pain 

174.9 cheilectomy + navicular osteotomy + total 
talus replacement + subtalar fusion + 
talonavicular fusion 

Yes 76 

3 Tibial cyst 
and 
loosening 

29.1 total talus replacement + ORIF medial 
malleolus 

Yes 36 

4 Talar 
collapse 

108.7 total talus replacement + subtalar fusion + 
talonavicular fusion + midfoot contracture 
release 

Yes 78 

5 Osteolysis 
of tibial 
component 

85.3 partial total talus replacement + subtalar 
fusion + revision calcaneal cuboid fusion + 
ORIF medial malleolus 

Yes 69 

6 Tibial cyst 
and 
loosening 

44.0 total talus replacement + talonavicular fusion 
+ subtalar fusion 

Yes 69 

7 Tibial cyst 
and 
loosening 

59.0 total talus replacement + talonavicular fusion 
+ subtalar fusion 

Yes 80 

OUTCOMES 

The mean medial distal tibial angle (MDTA) improved from 
85.0° at first weightbearing to 87.9° at final follow-up, rep
resenting a mean change of +2.9°. The mean anterior distal 
tibial angle (ADTA) changed from 86.4° to 87.7°, for a mean 
change of +1.3°. One patient (14.3%) demonstrated radi
ographic lucency, while no cases of implant subsidence 
were observed. At a mean follow-up of 20.1 ± 5.6 months, 
no patients required reoperation. The mean postoperative 
VAS pain score was 3.4 ± 1.0. 

CASE VIGNETTE – CSTT IN COMPLEX RTAA WITH TOTAL 
TALUS REPLACEMENT 

Patient demographics & background: A 78-year-old female 
with a history of degenerative joint disease and bladder 
cancer presented with recurrent right ankle pain following 
multiple prior surgeries [Figure 2A]. 

Initial surgical history: She underwent primary TAA on 
February 2020 with an outside provider [Figure 2B]. Ap
proximately 21 months later, she required revision for loos
ening of the talar component. The implant failure was ad
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Figure 2. A) Preoperative X-ray 26 days prior to primary TAA, B) Postoperative X-ray 31 days after primary TAA,                  
C) Postoperative X-ray 85 days after revision TAA, D) Postoperative X-ray 132 days after CSTT revision with Total                   
Talus.  

dressed with a polyethylene insert exchange and revision of 
the talar component [Figure 2C]. 

Presentation prior to CSTT revision: In early 2023, the 
patient developed worsening pain, reporting 8–9/10 sever
ity. Further imaging was obtained (CT scan) demonstrating 
subsidence of the talar component with fracture of a poste
rior peg and absence of bony ingrowth at the implant–bone 
interface. Given the extent of bone loss and implant insta
bility, she was referred to the current surgeon for further 
management. 

Surgical intervention: In May 2023, the failed arthro
plasty including all components were removed. Using pa
tient-specific guides, the tibia was prepared and residual 
bone removed to create a stemmed socket for the custom 
short-stemmed 3D-printed tibial tray. A custom nickel-free 
total talus prosthesis was implanted with a stemmed de
sign. Two screws were inserted across the subtalar joint for 
fusion [Figure 2D]. 

Postoperative course: The patient remained in a bulky 
Jones splint and was non-weight bearing for 10.8 weeks. 
The patient was able to progress to weight bearing in a 
cam boot and begin physical therapy 76 days post-revision. 
In the early postoperative period she experienced improve
ment with some stiffness, numbness, tingling, and minimal 
aching dull pain. 

Follow-up & outcomes: At most recent follow-up, 
30.3-months postoperatively, radiographs demonstrated 
stable implant alignment without evidence of progressive 
lucency or subsidence. Pain improved to 3/10 intermittent 
pain. Residual symptoms included swelling, numbness, and 
lack of proprioception. 

DISCUSSION 

The findings of the current study indicate that custom 
short-stem 3D-printed tibial trays serve as a viable option 
for managing complex rTAA procedures. In our retrospec
tive case series, we show acceptable pain, radiographic out
comes, and no reoperations at short term follow-up. 

Tibial component failure remains a challenging compli
cation in TAA, particularly with the advent of modern low-
profile implant designs (Cody et al. 2019; McKenna et al. 
2020). McKenna et al. conducted a meta-analysis showing 
aseptic loosening accounted for 6.3% of all rTAA. Modern 
TAA implants are designed to be low profile and use smaller 
pegs or posts to fixate the tibia, aimed at allowing for min
imal bone resection. Additionally, these smaller implants 
are thought to be more surgeon friendly, more straight
forward to implant, and with reduced operative time and 
fluoroscopy use (Saito et al. 2019). A study by Cody et 
al. attempted to characterize tibial lucency following pri
mary TAA with a modern “low-profile” implant (Cody et 
al. 2025). With a mean follow-up of 29 months, they found 
that 6.5% of primary TAAs had global tibial lucency evi
denced by radiographic analysis. This suggests a lack of suf
ficient osseointegration around the tibial component and 
underscores the need for revision options to specifically ad
dress this issue. 

Furthermore, several studies have shown that TAA pa
tients with hindfoot fusion have significantly higher rates 
of TAA failure (Lewis et al. 2014; Teehan et al. 2025). Henry 
et al. reviewed 731 primary TAA cases, including 71 with 
hindfoot arthrodesis, and found that fusion was associated 
with 2.7-fold greater odds of failure (Henry et al. 2024). 
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Similarly, Teehan et al. reported that patients with hindfoot 
arthrodesis were more likely to receive stemmed implants, 
suggesting a higher risk of tibial-sided failure in this popu
lation (Teehan et al. 2025). Interestingly, in Henry’s cohort 
only 1 of the 33 mechanical failures involved a stemmed 
component, and the use of a stem or keel was associated 
with 95% lower odds of tibial failure, despite their use in 
patients with higher bodyweight and greater coronal defor
mity. 

These findings may be supported by the underlying bio
mechanics. The loss of subtalar motion transfers increased 
stress through the ankle joint and concentrates force across 
the tibial implant. Without robust fixation, this added 
stress may predispose to loosening or tibial-sided failure. 
Tibial stems provide greater stability and load distribution 
which makes them particularly advantageous in patients 
with prior or concurrent subtalar arthrodesis. Our cohort 
showed all but one patient undergoing rTAA with a CSTT 
received subtalar arthrodesis. Additionally, we observed no 
patients whose primary implant contained a tibial stem. 
These observations emphasize the importance of tailoring 
implant choice to patient-specific risk factors to mitigate 
tibial-sided failure. 

In addition to CSTTs, custom TAA talar components 
have demonstrated promising results. A study by Ketz et al. 
looked at thirty-three patients with custom long-stemmed 
talar components for salvage of total ankle replacement 
with a minimum 4-year follow-up (Ketz et al. 2012). The au
thors observed acceptable postoperative range of motion, 
radiographic evaluation, clinical outcomes, and functional 
outcome scores. Similarly, Wagener et al. examined the 
outcomes of a custom-made talar component in 12 patients 
for 6.9 years, and found acceptable results in terms of range 
of motion and patient satisfaction with no instances of ra
diographic loosening (Wang et al. 2024). A number of other 
small studies involving custom total talar prostheses have 
also shown promising outcomes with little to no complica
tions (Jennison et al. 2022; Akoh et al. 2020; Strand et al. 
2022; Wang et al. 2024; Yano et al. 2023). 

Regarding the tibial component, to our knowledge scant 
literature exists on custom-made components for rTAA. An 
investigation by Cook et al. examined the technique of an
tegrade tibial reaming in rTAA while retaining the origi
nal talar component. Both CSTTs and the antegrade tibial 
reaming technique aim to optimize stem alignment and fix
ation by maximizing engagement with the tibial canal, par
ticularly in complex revision settings. In the single patient 
described by Cook et al., the antegrade tibial reaming ap
proach allowed secure tibial component placement while 
preserving the talar implant and resulted in maintained 
function at follow-up (Cook et al. 2023). A key finding of 
this study is the minimal change observed in both MDTA 
and ADTA over the follow-up period which suggests preser
vation of coronal and sagittal alignment after revision TAA 
with talar reconstruction. From a clinical perspective, sta
ble MDTA and ADTA measurements may suggest mainte
nance of alignment, although correlation with long-term 
fixation is unknown. Progressive changes in these angles 
have been associated with component loosening, malalign

ment, or subsidence in prior arthroplasty literature; thus, 
their stability in this series aligns with the absence of ob
served subsidence and low complication rates. Importantly, 
these findings suggest that even in complex revision sce
narios, restoration and maintenance of alignment can be 
reliably achieved. 

At the time these procedures were performed, no com
mercially available short-stemmed tibial trays existed for 
revision TAA, and available stemmed options required long 
stems that were inserted through the calcaneus, often ne
cessitating more extensive bone resection and requiring ta
lar component removal. The use of custom short stems 
provides greater versatility, particularly in cases where the 
talar component remains well-fixed and does not require 
revision. This was especially relevant in the current cohort, 
as all patients underwent total talus replacement, which 
was not compatible with any available tibial components 
and would have otherwise required explantation of a well-
fixed talar implant. In addition, custom components can 
be designed for patients with metal allergies or hypersen
sitivities, such as nickel allergy, which occurred in three 
cases in our series. By incorporating preoperative CT imag
ing and CAD-based planning, the stem trajectory and fix
ation was optimized to achieve maximal engagement with 
the remaining bone stock thus expanding the surgical op
tions we had in our series of complex rTAA scenarios. 

Short stem implants are increasingly being favored in 
both primary and revision arthroplasty cases as they pre
serve proximal bone stock. In the case of rTAA, custom 
short stems maintain the structural integrity necessary to 
support revision components by minimizing diaphyseal 
preparation and conserving metaphyseal bone. This ap
proach is particularly advantageous in younger or more 
active patients, where the likelihood of future revision is 
higher and maximizing remaining bone stock is essential 
for long-term reconstructive options. We observed an av
erage time from index TAA to CSTT implantation of 77.1 
months. This reflects its utility for patients who have un
dergone prior revision procedures, such as in the repre
sentative case example. Nonetheless, patients in this series 
with CSTT implantation occurring up to 15 years after the 
index arthroplasty and no subsequent revisions receive 
comparable results. 

The use of a CSTT, and other patient-specific implants, 
introduces several important practical considerations. First, 
these implants require advanced preoperative imaging and 
CT-based templating, which increases both the cost and 
complexity of surgical planning. In addition, the manufac
turing process for these implants is associated with approx
imately 8–12 weeks between final implant design approval 
and delivery. Implant costs may also vary substantially de
pending on institutional agreements. This can potentially 
limit widespread accessibility. Consequently, these patient-
specific reconstructive options may be best suited for com
plex revision scenarios, as presented in this series, in which 
patients are willing to accept potential increased cost and 
longer preoperative wait times in exchange for an improved 
quality of life. 
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Table 3. Radiographic Outcomes. Abbrev: MDTA, medial distal tibial angle, ADTA - anterior distal tibial angle.               

Case 
ID 

First 
WB 
MDTA 
(°) 

First 
WB 
ADTA 
(°) 

Final 
follow-up 
MDTA (°) 

Final 
follow-up 
ADTA (°) 

Change 
in 
MDTA 
(°) 

Change 
in 
ADTA 
(°) 

Lucency Subsidence 

1 86 86 89 85 3 -1 No No 

2 89 87 91 87 2 0 No No 

3 84 86 96 88 12 2 No No 

4 84 82 84 80 0 -2 No No 

5 76 90 78 98 2 8 Yes No 

6 89 89 90 91 1 2 No No 

7 87 85 87 85 0 0 No No 

While the CSTT holds potential for challenging revi
sions, there are clear limitations of the current study. Most 
importantly, the sample size was limited and length of fol
low-up was up to only 21 months on average. Larger studies 
with longer follow-up are required in order to evaluate the 
efficacy of these implants over time. In addition, the study 
was descriptive in nature and did not compare the device 
against other modes of revision total ankle arthroplasty. 
This study also lacked multifaceted outcome data includ
ing function patient reported outcomes, range of motion, 
or other relevant functional outcome parameters. Lastly, all 
procedures were performed by a single surgeon at a tertiary 
care center, which may limit generalizability to other set
tings. Nonetheless, the study is valuable in the novelty it 
offers by presenting early evidence supporting the use of a 
3D-printed custom tibial tray for complex rTAA. 

CONCLUSION 

This case series provides early experience supporting the 
feasibility of using a custom short-stem 3D-printed tibial 
tray in rTAA. All patients demonstrated stable radiographic 
alignment, satisfactory pain control, and no reoperations 
at short-term follow-up. These results suggest that CSTTs 
may provide an additional reconstructive option in select 
patients. While encouraging, these findings must be inter
preted in the context of the study’s limitations, including 
its small sample size, lack of a control group, and limited 
follow-up duration. Outcomes of this series reflect the com
bined reconstructive strategy involving multiple concomi
tant procedures rather than the isolated effect of CSTT. Fu
ture research with larger cohorts, longer-term outcomes, 
and comparative analyses is warranted to fully assess the 
long-term performance and potential advantages of custom 
tibial implants in complex revision scenarios. Additionally, 
as barriers to patient-specific implant use continue to re
cede, including cost and manufacturing time, further inves
tigation may extend to evaluating these implants in a pri
mary TAA setting. 
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Table 4. Clinical Outcomes. Abbrev: VAS, Visual Analog Scale. VAS Pain Score > 1 year postoperative was not                 
available for Case ID 2 and is therefore omitted from data analysis.             

Case ID Reoperation VAS Pain Follow-up duration (months) 

1 No 3 30.3 

2 No 13.0 

3 No 3 23.0 

4 No 3 19.1 

5 No 3 21.7 

6 No 5.5 24.6 

7 No 2.5 15.2 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 
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