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ABSTRACT

Objective: To evaluate the clinical and radiographic outcomes of tibiotalocalcaneal (TTC) arthrodesis performed using a lateral transfibu-
lar approach with the off-label application of a Proximal Humerus Internal Locking System (PHILOS) plate and to exploratorily assess
outcomes according to the use of supplemental medial cannulated screw fixation.

Methods: Thirty patients (32 ankles) who underwent TTC arthrodesis between January 2019 and June 2024 and had >12 months of follow-
up were retrospectively reviewed. Demographics, comorbidities, surgical indications, implant configuration, fusion rates, complications,
reoperations, and patient satisfaction were analyzed. Subgroup findings regarding medial screw support were evaluated descriptively.

Results: The mean follow-up duration was 37.3 + 19.2 months, and fusion was achieved in 90.6% (29/32) of ankles. Complications
occurred in 18.8% (6/32), including 3 nonunions, 2 peri-implant tibial fractures, and 1 superficial infection. Reoperation was required in 3

ankles (9.4%). Patient-reported satisfaction was “excellent” in 71.9%, “good” in 12.5%, “fair” in 6.3%, and “poor” in 9.4%.

Conclusion: Tibiotalocalcaneal arthrodesis performed using the PHILOS plate with a lateral approach demonstrated acceptable fusion
and complication rates in this cohort. Subgroup observations regarding supplemental medial screw fixation should be interpreted as

exploratory and hypothesis generating.

Level of Evidence: Level IV, Therapeutic Study.

Introduction

Tibiotalar and subtalar joint osteoarthritis may
develop due to trauma, inflammatory diseases, neu-
ropathic processes, or degenerative changes, and
in some cases, it may be idiopathic in origin. These
pathologies disrupt the biomechanics of the ankle
complex, leading to chronic pain, difficulty walking,
and a significant decrease in quality of life."? In these
patients, arthrodesis is one of the surgical treatment
options aimed at restoring function if conservative
treatment fails. The main purpose of arthrodesis is to
reduce pain, provide stable fusion, and increase func-
tional capacity and daily life activities.

Tibiotalocalcaneal (TTC) arthrodesis is a widely used
procedure for complex hindfoot pathologies due to its
reliable clinical outcomes.® However, the optimal fixa-
tion strategy remains debated. Contemporary litera-
ture suggests that union rates are broadly comparable
among plate, nail, and external fixation constructs
(approximately 82%-86%), with differences more com-
monly related to complication profiles and soft-tissue
considerations than to fusion success itself.>*” Cross-
lag screws may be insufficient in osteoporotic bone,
intramedullary nails can be technically demanding
and associated with alignment challenges, and plate

constructs may increase soft-tissue irritation or stress
concentration at implant ends.

Locking plate systems have gained popularity because
they provide angular stability and reduce plate-bone
compression, thereby preserving periosteal blood sup-
ply.2® Nevertheless, concerns remain regarding stress
risers, limited axial compression, and implant-related
complications. In complex hindfoot cases, particularly
those involving deformity, bone loss, or poor bone
quality, surgeons continue to seek constructs that
combine stable fixation, multiplanar screw orienta-
tion, and acceptable soft-tissue tolerance.

In this context, the off-label adaptation of the Proximal
Humerus Internal Locking System (PHILOS, Trumed
Medical, Ttiirkiye) plate for TTC arthrodesis has been
proposed as a strategy to address several practical
challenges: the need for angular-stable fixation in
osteoporotic bone, improved screw trajectory options
in the talus and calcaneus, and avoidance of intramed-
ullary canal violation in selected patients. However,
available reports on PHILOS-based TTC arthrodesis
are limited to small case series with short-term follow-
up.'*** Therefore, the present study aims to evaluate
the clinical and radiographic outcomes and compli-
cation profile of TTC arthrodesis performed using a
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PHILOS plate in a relatively larger cohort with extended follow-up.
Additionally, outcomes according to supplemental medial cannulated
screw fixation were analyzed in a hypothesis-generating, exploratory
manner.

Materials and methods

Study design and patient selection

This retrospective cohort study included 30 patients (32 ankles)
who underwent TTC arthrodesis using the PHILOS plate via a lat-
eral approach between January 2019 and June 2024. The study was
approved by Necmettin Erbakan University Non-Pharmaceutical and
Non-Medical Device Research Ethics Committee (Decision/Protocol
No.: 2025/25511 Date: 13.06.2025). Written informed consent was
obtained from all participants prior to inclusion in the study, and
all procedures were conducted in accordance with the Declaration
of Helsinki. Cases with a minimum of 12 months of follow-up were
included in the study; isolated tibiotalar arthrodesis, presence of
active infection, peripheral artery disease, and polio sequelae were
determined as exclusion criteria. Surgery was performed only in
patients with Charcot neuroarthropathy during the consolidation
phase (Eichenholtz stages 2-3). Patients with active trophic ulceration
or ongoing infection were excluded from surgery. No patient included
in the study cohort had an active ulcer at the time of surgery. Surgical
indications included secondary arthrosis due to trauma, primary
arthrosis, Charcot arthropathy, nonunions, and revision cases due
to deformities (pes equinovarus sequelae, drop foot, and Charcot-
Marie-Tooth disease).

The previously described transfibular plating method (PHILOS plate
and preferably attached cannulated screw support) was preferred
in this cohort. This technique was chosen to avoid plantar entry in
patients with diabetes, neuropathy, or compromised soft tissues,
to allow wide joint exposure for thorough chondral preparation,
to enable routine use of autologous fibular grafting, and to provide
stable distal fixation with locking screws in the talus and calcaneus.

Although TTC nailing is often preferred for high-comorbidity
patients due to its minimally invasive nature, it carries notable risks—
particularly plantar portal complications and increased distal tibial
stress in neuropathic or diabetic feet.’>'® For these reasons, a lateral
approach with meticulous soft-tissue handling was adopted in this
cohort. Additionally, fibular autografting was routinely performed to
maintain length and support fusion biology.

Data collection and evaluation parameters

Demographic characteristics (age, gender, and body mass index
[BMI]), comorbidities (diabetes, peripheral neuropathy, and smok-
ing), surgical history, and intraoperative details (used implant
configuration) of the patients were recorded retrospectively. In
the postoperative evaluation, fusion success (clinical painless full

HIGHLIGHTS

High fusion and satisfaction rates in tibiotalocalcaneal arthrodesis using lat-
eral Proximal Humerus Internal Locking System plate fixation.

Distal fibula resection enables wide exposure and autologous graft use.

*  Medial cannulated screw support contributes to improved biomechanical
stability.

Useful fixation option for patients with osteoporosis, deformity, or prior
nonunion.

Acceptable complication profile despite high-comorbidity burden.

weight-bearing +radiological anteroposterior (AP)/lateral/axial radio-
graphs showing bone trabeculation passing the fusion line), devel-
oping complications, need for reoperation, and patient satisfaction
(with a 4-category scale: excellent, good, fair, poor) were analyzed.
The mean follow-up duration was 37.3 + 19.2 months (range, 12-76
months).

Radiographic union assessment

Union assessment on patients’ radiographs was performed by evalu-
ating both anteroposterior and lateral radiographs. Computed tomog-
raphy (CT) was not routinely used for fusion assessment. Radiological
union was defined as trabecular bridging of >50% in the desired fusion
area. The >50% trabecular bridging threshold was selected based on
prior ankle and hindfoot arthrodesis studies, where it is accepted as
a practical and reproducible indicator of radiographic union, particu-
larly when hardware limits full visualization of the fusion site.!” All
radiographs were evaluated independently by 2 orthopedic surgeons,
who were blinded to the patients’ clinical outcomes and satisfaction
scores during the evaluation process. Inter- and intra-rater reliabil-
ity for fusion assessment was calculated using Cohen’s kappa coeffi-
cient, which demonstrated significant agreement (inter-rater k=0.82,
intra-rater k=0.86). Because this was a retrospective series based
solely on standard AP/lateral radiographs with substantial hardware
overlap, separate assessment of tibiotalar and subtalar fusion was not
considered sufficiently reliable. Therefore, radiographic union was
recorded as a global TTC construct outcome rather than joint-specific
fusion. Even in cases with borderline or ambiguous radiographic find-
ings, the final decision regarding union status was reached by con-
sensus of the 2 observers based on plain radiographs in conjunction
with clinical findings (pain-free full weight-bearing and absence of
mechanical symptoms). During the study period, quantitative align-
ment parameters such as tibiocalcaneal angle, talar tilt, and hindfoot
alignment were not routinely measured or documented according to
a standardized protocol, and therefore could not be reliably extracted
and analyzed in this retrospective cohort.

Functional outcomes

Functional outcomes in this study were assessed using both a four-
point patient satisfaction scale and the validated Foot and Ankle
Outcome Score (FAOS). The FAOS is a standardized and widely
accepted scoring system for assessing foot and ankle-related out-
comes.” The FAOS questionnaire was administered as part of routine
clinical care, preoperatively and postoperatively at scheduled follow-
up visits.

Given the high-comorbidity burden in this cohort, a four-point
patient satisfaction scale was used as a practical and reliable indi-
cator of functional outcome. Previous studies have demonstrated a
strong correlation between simplified satisfaction grading and fusion
success in TTC arthrodesis.' Patients were classified into “excellent,”
“good,” “fair,” or “poor” categories based on their overall satisfaction
and functional improvement, consistent with prior literature.

Surgical technique

All patients included in the study were operated on by a single ortho-
pedic surgeon. Patients were prepared in the supine position, a tour-
niquet was applied at 250 mmHg pressure, and antibiotic prophylaxis
was provided with a single dose of 1 g intravenous cefazolin.

An incision approximately 10 cm long was made starting approxi-
mately 1 cm distal to the fibula tip. The sural nerve was identified
and protected in the distal part of the approach by exploration.
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Approximately 7 cm of the distal part of the fibula was resected
(Figure 1A). After this resection, the tibiotalar and subtalar joints
were reached. Chondral surfaces were excised with a curette and
osteotome, subchondral bone surfaces were exposed, and the joints
were prepared for arthrodesis application (Figure 1B).

In order to obtain a plantigrade position, the foot was planned to be
in a neutral position in the sagittal plane with the hindfoot and ankle,
the subtalar joint in 5° of valgus, and the rotation between 5° and
10° in line with the opposite foot. First, the position was temporar-
ily fixed with 2 mm diameter Kirschner wires and checked under
fluoroscopy. After the alignment was found appropriate, in order to
prevent the joint from going into valgus deformity due to the com-
pression of the plate from the lateral side and to prevent the forma-
tion of a medial gap, a cannulated screw was inserted percutaneously
approximately 3 cm proximal to the medial malleolus tip to fix the
talus and calcaneus, and the fusion area was compressed (Figure 1C).
In cases where the surgeon thought that sufficient compression could
not be achieved, the second and third cannulated screws were also
used. The decision to use 1, 2, or 3 cannulated screws was based
solely on intraoperative assessment of stability and compression.
In addition, according to the surgeon’s preference, if the patient’s
vascular status or soft-tissue coverage is poor, the screw application
is placed from plantar to medial proximal (retrograde) rather than
medial to proximal (antegrade). In 2 patients, a screw was not placed
because malalignment developed in the joint when the cannulated
screw was applied.

After the screw was placed, the PHILOS plate was placed with its
distal end screwed to the distal tibia and its proximal end screwed
to the talus and calcaneus to provide fixation (Figure 1D). The plate
was used in its standard configuration and, when required, was
gently contoured with plate benders at the metaphyseal region to
improve adaptation to the lateral contour of the distal tibia, talus,
and calcaneus. Care was taken to avoid excessive bending around
the locking holes, and no additional structural modifications of the
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plate were performed. To prevent shortening of the operated extrem-
ity, the resected fibula was divided into small pieces and placed as
autologous grafts at the fusion site. This technique was applied in
all cases, and no additional grafts (iliac crests, etc.) were required.
Radiological imaging was not used to compare the length with the
contralateral extremity; however, no clinical length difference was
observed in any patient, as limb length was assessed using bilateral
malleolar level comparison and functional gait evaluation. After the
fusion position was completed with the PHILOS plate, fluoroscopic
images were taken in the AP, lateral, and axial planes to check the
position. After determining that the radiological and clinically appro-
priate fusion alignment was achieved, the tourniquet was terminated
before the surgical site was closed, bleeding control was performed,
and no drain was placed.

Postoperatively, a below-knee splint was applied to all patients. The
sutures were removed in the second week. Patients were called for
follow-up at postoperative second, sixth, and twelfth weeks; then
follow-up continued at 6-month intervals. Patients were advised not
to bear weight for the first 6-8 weeks; then, partial weight-bearing
was gradually initiated depending on clinical tolerability. The postop-
erative weight-bearing protocol was applied uniformly to all patients,
including those with diabetes or Charcot neuroarthropathy; however,
progression was individualized based on wound status, radiographic
findings, and overall clinical assessment rather than diagnosis alone.

Statistical analysis

All statistical analyses were performed using IBM SPSS, version 22.0
software (IBM Corp., Armonk, NY, USA). Normality was assessed for
continuous variables using the Shapiro-Wilk test. Data not showing
a normal distribution are reported as median (minimum-maximum),
and data with a normal distribution are reported as mean + SD.

The difference between preoperative and postoperative FAOS
scores was analyzed using the Wilcoxon signed-rank test, depend-
ing on the distribution of the data. Fisher’s exact test was used to

" Wibiotalocalcaneal

‘ fixation with a

BHILOS plate

Figure 1. Key steps of TTC arthrodesis using a PHILOS plate. (A) Distal fibula resection. (B) Preparation of tibiotalar and subtalar joint surfaces. (C) Medial cannulated screw
placement. (D) Final construct with lateral PHILOS plate fixation. PHILOS, Proximal Humerus Internal Locking System; TTC, tibiotalocalcaneal.
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compare fusion rates among subgroups (e.g., diabetes, Charcot neu-
ropathy, smoking, previous surgery, implant configuration). P < .05
was considered statistically significant in all tests. Given the limited
sample size and low number of events, no multivariable regression
modeling or matching was performed to adjust for confounding.
Instead, these potential confounders were explored using univari-
able subgroup comparisons, and the resulting associations were
interpreted as descriptive and hypothesis-generating rather than
definitive.

Results

Patient population and baseline characteristics

A total of 32 ankles were identified in the database search that under-
went TTG arthrodesis using the PHILOS plate via a lateral approach.
These procedures were performed on 30 patients, including 2 bilat-
eral cases. The mean follow-up duration was 37.3 + 19.2 months
(range, 12-76 months). The mean patient age was 54.4 years, most
were female, and the mean BMI was 29.4 kg/m?. Common comorbidi-
ties included diabetes, peripheral neuropathy, and smoking, details of
which are summarized in Table 1.

The number of ankles that had not undergone any surgical procedure
before was 19 (59.4%), while 13 ankles (40.6%) had previously under-
gone surgical intervention for different reasons. Of these patients, 8
had a history of internal fixation after trauma, 3 had nonunion sur-
gery, 1 had pes planus surgery, and 1 had external fixation due to a
tibial diaphysis fracture (Table 2).

Surgical indications and technical details

When the surgical indications leading to the need for fusion were
evaluated on an ankle basis, the most common causes were post-trau-
matic arthritis (secondary arthrosis due to trauma) (31.3%; n=10) and
Charcot arthropathy (28.1%; n=9). Other indications were recorded
as primary arthrosis (12.5%; n=4), drop foot deformity (12.5%; n=4),
previous nonunion surgery (9.4%; n=3), Charcot-Marie-Tooth dis-
ease (6.2%; n=2; bilateral ankle in 1 patient), and pes equinovarus
sequela (3.1%; n=1) (Table 3).

When the implant configurations used in the surgical technique were
examined, it was determined that 1 PHILOS plate and 1 cannulated
screw were combined in 23 ankles, 2 cannulated screws were used
together with a PHILOS plate in 4 ankles, and 3 cannulated screws
were used together with a PHILOS plate in 3 ankles. In addition, it
was determined that only a PHILOS plate was applied alone in 2
ankles. A total of 5 ankles had a retrograde cannulated screw con-
figuration (Table 3). X-ray images of a PHILOS plate and a cannulated
screw configuration applied to a patient with a drop foot deformity
(case number 10 in Table 2) are shown in Figure 2.

Table 1. Patient Demographics and Comorbidities
Variable

Number of patients (ankles)

Value (n=30 patients)
30 (32)
54.4 +13.7 (25-75)
19 (63.3) / 11 (36.7)
29.4 + 5.7 (16.6-43.0)
37.3 +£19.2 (12-76)

Age (years)

Gender (female/male), n (%)
BMI (kg/m?)

Follow-up duration (months)

Comorbidities, n (%)

Diabetes mellitus 8(26.7)
Smoking 12 (40.0)
Peripheral neuropathy 14 (46.7)

BMI, body mass index.

When stratified by fixation construct, fusion was achieved in 0/2
ankles treated with PHILOS only (0%), 22/23 with PHILOS+1 screw
(95.7%), 4/4 with PHILOS + 2 screws (100%), and 3/3 with PHILOS+3
screws (100%). Fisher’s exact test indicated significantly lower fusion
in the PHILOS-only group compared to PHILOS+1 screw (OR not
estimable due to zero cell counts, 95% CI: 0.0-0.72, P=.01) and com-
pared to PHILOS+2-3 screws (OR not estimable due to zero cell
counts, 95% CI: 0.0-0.88, P=.028). These results should be regarded
cautiously because of the very smallsample sizes. A systematic analy-
sis was not possible because postoperative radiographic alignment
measures (talar tilt, hindfoot alignment, and tibiocalcaneal angle)
were not documented in this retrospective dataset. Therefore, all com-
parisons according to implant configuration should be interpreted as
exploratory and hypothesis-generating rather than confirmatory.

Fusion success and complication profile

The primary radiographic outcome in this study was overall TTC
construct union, defined as a combined tibiotalar-subtalar fusion
status rather than separate joint-specific fusion. In the postoperative
radiological evaluation, successful fusion was achieved in 29 of 32
patients (90.6%; 95% CI: 74.9-98.0) (Table 4). Details of the 3 non-
union cases are as follows:

The first of the 3 nonunion patients was a case in which TTC arthrod-
esis was performed due to pes equinovarus sequelae (case number
22 in Table 2). Arthrodesis was performed only with a PHILOS plate
in this patient, and no cannulated screw was used. There was no his-
tory of Charcot neuropathy or diabetes mellitus, but he was an active
smoker. Although the fusion was unsuccessful, reoperation was not
performed because the patient stated that he was asymptomatic.

The second patient had diabetes mellitus and Charcot arthropathy,
and TTC arthrodesis was performed only with a PHILOS plate (case
number 13 in Table 2). Deep infection developed during the follow-
up period; therefore, the implants were removed, debridement was
performed, and Ilizarov fixation was applied, but union could not be
achieved.

The third patient also had diabetes mellitus and Charcot arthropathy.
In this case, TTC arthrodesis was achieved with a PHILOS plate and
a cannulated screw (case number 8 in Table 2). However, since the
patient stated that he was asymptomatic and could perform his daily
activities, reoperation was not preferred. Fusion was not achieved
in either of the 2 patients who underwent arthrodesis with only a
PHILOS plate, without the addition of a cannulated screw. However,
a third nonunion occurred in a patient who had PHILOS fixation
with 1 cannulated screw.

Complications occurred in 6 out of 32 ankles (18.8%). The compli-
cation profile summarized in Table 4 included 3 nonunions, 2 peri-
implant tibial fractures remote from the fusion site, and 1 superficial
wound infection. Although fusion was successful in 2 patients, a frac-
ture developed adjacent to the implant in the tibial region outside
the fusion area, and these fractures were successfully treated with an
intramedullary nail. The superficial wound infection that developed
in 1 patient healed with oral antibiotic treatment without requiring
surgical intervention. The 3 nonunion cases are summarized below,
and their detailed characteristics are presented in Table 5.

Reoperation was required in 3 ankles (9.4%) after surgery. In 2 of
these cases, intramedullary tibial nailing was performed due to
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Table 3. Fusion Indications and Implant Configurations peri-implant fractures that developed independently of the fusion site.
Category (n=32 ankles) n (%) One of these 2 cases (case number 12 in Table 2) is shown in Figure 3.
Fusion indications In 1 patient, the existing implants were removed due to nonunion and
Post-traumatic arthritis 10 (31.3) deep infection; re-stabilization was achieved with an Ilizarov fixator,
Charcot neuroarthropathy 9(28.1) and long-term antibiotic treatment was given (Table 4).
Primary arthritis 4 (12.5)
Drop foot 4(12.5) Subgroup analysis revealed fusion in 75.0% (6/8) of diabetic patients
Nonunion 3(9.4) versus 95.8% (23/24) of non-diabetic patients (95% CI: 0.59-99.5,
Pes equinovarus sequelae 1(3.1) P=.147). Charcot patients demonstrated fusion in 77.8% (7/9) com-
Charcot-Marie-Tooth (1 patient bilateral) 2 (6.3) pared to 95.7% (22/23) of non-Charcot patients (95% CI: 0.49-80.2,
Implant configurations P=.184). Smokers achieved fusion in 83.3% (10/12) versus 95.0%
PHILOS+1 cannulated screw 23 (71.9) (19/20) of non-smokers (95% CI: 0.31-47.2, P=.540). Patients with a
PHILOS +2 cannulated screws 4(12.5) history of prior surgery had a fusion rate of 100% (13/13) compared
PHILOS +3 cannulated screws 3(94) to 84.2% (16/19) in those without prior surgery (95% CI: 0.009-4.47,
PHILOS only 2(6.3) P=.253). In contrast, PHILOS-only fixation without medial screw

PHILOS, Proximal Humerus Internal Locking System.

support resulted in 0% fusion (0/2) compared to 96.7% (29/30) in

Figure 2. Radiographic images of a patient treated for drop foot with TTC arthrodesis. (A-B) Preoperative AP and lateral X-rays. (C-D) Postoperative AP and lateral views
showing PHILOS plate fixation with a single medial screw. AP, anteroposterior; PHILOS, Proximal Humerus Internal Locking System; TTC, tibiotalocalcaneal.
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Table 4. Surgical Outcomes and Complications

Category (n=32 Ankles) n (%)
Fusion status

Successful fusion 29 (90.6)

Nonunion 3(9.4)
Complications

Total complications 6(18.8)

Nonunion 3(9.4)

Peri-implant tibial fracture 2(6.3)

Superficial infection 1(3.1)
Reoperations

Total reoperations 3(9.4)

Peri-implant fracture treatment 2(6.3)

Nonunion reoperation 1(3.1)
FAQOS scores

Preoperative 65.3+8.7

Postoperative 84.1+14.6
Satisfaction

Excellent 23 (71.9)

Good 4(12.5)

Fair 2(6.3)

Poor 3(9.4)

FAOS, Foot and Ankle Outcome Score.

those with additional screw support (95% CI: 1.3-upper limit not esti-
mable, P=.006). These subgroup differences should be interpreted as
exploratory due to small sample sizes (Table 6). Given the extremely
small cell counts in several strata, these findings should be inter-
preted with particular caution and considered hypothesis-generating
only. Accordingly, all subgroup comparisons are presented as explor-
atory findings and should not be interpreted as definitive evidence
of association.

As detailed in the Methods section, union was assessed as an overall
TTC construct on plain radiographs, without joint-specific or align-
ment-based measurements.

Patient satisfaction and functional outcomes

The mean preoperative FAOS score was 65.3 + 8.7, which signifi-
cantly improved to 84.1 + 14.6 postoperatively (P < .001, Wilcoxon
signed-rank test). The magnitude of improvement (mean increase:
18.8 points) exceeds the previously reported minimal clinically
important difference thresholds for FAOS in foot and ankle surgery,
indicating that the observed change is not only statistically signifi-
cant but also clinically meaningful.’® This change was statistically
significant (P <.001) (Table 4).

When evaluated on an ankle basis, patients rated 23 (71.9%) of 32
ankles as “excellent,” 4 (12.5%) as “good,” 2 (6.3%) as “fair,” and
3 (9.4%) as “poor” (Table 4). It was determined that both of the 2
patients reporting “fair” results developed peri-implant fractures.
Two of the 3 patients reporting “poor” results had Charcot neuro-
arthropathy (both were diabetic patients); the other patient had
undergone surgery for the sequelae of pes equinovarus, and all
3 patients had nonunion. Both of the 2 patients who underwent

Figure 3. Radiographic sequence of a patient with Charcot neuroarthropathy who
developed a peri-implant fracture. (A-B) Preoperative AP and lateral images. (C-D)
Immediate postoperative views after PHILOS plate and medial screw fixation. (E-F)
Follow-up showing stress-related peri-implant tibial fracture at the proximal screw
level. (G-H) Post-revision images demonstrating intramedullary nail fixation. AP,
anteroposterior; PHILOS, Proximal Humerus Internal Locking System.

Table 5. Characteristics of the 3 Nonunion Cases

Case Fixation Complications / Additional

Number Method Comorbidities Primary Cause of Nonunion Notes Outcome

22 PHILOS plate only Smoker; no diabetes; no Charcot Absence of medial screw support; smoking  None Asymptomatic; no reoperation

13 PHILOS plate only Diabetes; Charcot Deep infection; severe neuropathy Implant removal + Persistent nonunion
debridement +Ilizarov

8 PHILOS+1 screw  Diabetes; Charcot Biological risk factors despite screw support None Asymptomatic; no reoperation

PHILOS, Proximal Humerus Internal Locking System.
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Table 6. Exploratory Subgroup Analysis

Subgroup Fusion n/N (%) Nonunionn/N (%) 95%CI P (Fisher)
Diabetes (+) 6/8 (75.0) 2/8 (25.0) 0.59-99.5 147
Diabetes (-) 23/24 (95.8) 1/24 (4.2)

Charcot (+) 7/9 (77.8) 2/9 (22.2) 0.49-80.2 184
Charcot (=) 22/23 (95.7) 1/23 (4.3)

Smoker (+) 10/12 (83.3) 2/12 (16.7) 0.31-47.2 540
Smoker (-) 19/20 (95.0) 1/20 (5.0)

Prior surgery (+) 13/13 (100) 0/13 (0.0) 0.009-4.47 .253
Prior surgery (-) 16/19 (84.2) 3/19 (15.8)

PHILOS only 0/2 (0.0) 2/2 (100) 1.3t0 006
PHILOS +>1 screw 29/30 (96.7) 1/30 (3.3)

PHILOS, Proximal Humerus Internal Locking System.

bilateral surgery reported good and excellent results overall
(Table 2).

Discussion

In this study, TTC arthrodesis performed using the PHILOS plate via
a lateral approach appeared to be a feasible off-label option for the
treatment of complex ankle pathologies, with a fusion success rate of
90.6% and an excellent/good patient satisfaction rate of 84.4% in this
small retrospective cohort.

The fusion rate obtained is consistent with standard techniques
reported in the literature, such as retrograde intramedullary nailing
(80%-92%) and blade plates (85%-95%).**** The wide fusion rates
of 29.7%-100% reported in arthrodesis studies performed with the
PHILOS plate indicate a lack of standardization in the application
technique. In contrast, the high success rate obtained in this study
can be explained by the fact that the procedures were performed by
a single surgeon, the distal fibula was used as an autologous graft,
and a biomechanically critical element such as the medial support
screw was applied. While the overall fusion rate aligns with the
ranges reported for retrograde nailing and blade plating, it is impor-
tant to acknowledge that patient populations across studies differ
substantially. While the inclusion of high-risk patients enhances the
real-world relevance and external validity of these findings, it simul-
taneously complicates direct comparison with more homogeneous
cohorts and limits internal interpretability. Therefore, the findings
should be viewed as exploratory rather than definitive.

The technical advantages of TTC arthrodesis using a PHILOS plate
can be summarized under 3 key points. First, distal fibula resection
provides wide joint exposure and allows the resected segment to be
used as an autologous graft, eliminating donor-site morbidity; how-
ever, the potential impact on lateral stability should be considered.
Second, the locking plate construct offers rigid fixation and reduces
screw loosening, which is particularly beneficial in osteoporotic bone.

Third, the addition of a medial percutaneous screw was associated
with improved alignment control in this series, which may contribute
to a more favorable mechanical environment for fusion. In this study,
the absence of a medial screw in 2 of the 3 nonunion cases parallels
the 100% fusion reported by Fan et al' in their medial screw-sup-
ported series and may support the potential biomechanical contribu-
tion of this technique. Given the emphasis on variable screw support,
subgroup analysis demonstrated an association between the absence
of a medial cannulated screw and lower observed fusion rates com-
pared with constructs supported by 1 or more screws. However,
because of the very small sample sizes, these results should be con-
sidered exploratory rather than definitive. Importantly, these obser-
vations do not establish a causal relationship between medial screw
support and fusion success. The occurrence of a nonunion despite
the use of a single medial screw indicates that biological factors and
overall construct stability likely also play important roles.

The PHILOS plate, originally designed for proximal humerus fixa-
tion, is used off-label in the ankle and hindfoot, and its anatomical
configuration does not specifically correspond to the morphology of
the talus or calcaneus. Although its locking screw design provides
stable fixation, plates intended for tibiotalocalcaneal arthrodesis ide-
ally require region-specific geometry to optimize load distribution
and minimize the risk of collapse. Additionally, distal fibula resection
performed to gain exposure for this approach removes attachment
points for lateral ligaments and peroneal tendons, making the effects
on adjacent joint biomechanics difficult to predict.

Recent studies using modern plating systems for TTC or TT/TTC
arthrodesis report fusion rates broadly comparable to the present
findings. Perisano et al** achieved 100% fusion in 20 patients with
severe post-traumatic deformities using a Silverback TT/TTC plate,
whereas Vinogradov et al*® reported a 90.9% fusion rate in a heteroge-
neous cohort that included Charcot patients. The fusion rate of 90.6%
with PHILOS plating is consistent with these results, despite this
cohort containing a higher proportion of high-risk patients such as
those with Charcot neuroarthropathy, diabetes, smoking, and prior
failed surgery. Across 7 published PHILOS-based series (Table 7),
fusion rates ranged from 29.7% to 100%, reflecting differences in
patient characteristics, fixation strategies, and follow-up duration.
Overall, these findings suggest that PHILOS plating may provide
fusion outcomes comparable to dedicated TTC plating systems,
although more standardized prospective data are needed.

Fusion and reoperation rates were equal, and this was observed in
3 of 32 ankles (9.4%), and the rates obtained are similar to those in
other studies in the literature. It was noted that the PHILOS plate was
not supported by a cannulated screw in 2 of the 3 patients in whom
fusion could not be achieved. Although this observation suggests that

Table 7. Comparison of Studies on Tibiotalocalcaneal Arthrodesis with Proximal Humerus Internal Locking System Plate

Follow-Up Duration

Year Author Patients (n) Ankles (n) Fusion Rates (%) Nonunion-Revision Rates (%) (months)
2007 Ahmad et al'® 17 18 17 (94.4) 1(5.6) 20.6 (8-38)
2011 Shi et alt 18 18 18 (100.0) 0(0) 16.0 (12-24)
2016 Ozer et al® 8 8 7 (87.5) 1(12.5) 32.6 (23-54)
2017 Smith et al™* 15 15 4(26.7) 11 (73.3) 17.0 (12-23)
2017 Fan et al? 12 12 12 (100) 0(0) 18.6 (12-36)
2017 Shearman et al?’” 21 21 18 (85.7) 3(14.3) 14.6 (6-49)
2020 Zhang et al'® 15 15 14 (93.3) 1(6.7) 16.6 + 4.3 (10-25)
2025 This study 30 32 29 (90.6) 3(9.4) 37.3 +19.2 (12-76)

Follow-up duration is reported as mean + SD (range) for the present study and as reported in the original articles for comparative studies; SD was not available in some reports.
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nonunion may be due to the lack of a cannulated screw, the lack of a
comparative control group in this study prevents us from statistically
confirming this relationship and limits the power of interpretation.
However, when evaluated from a biomechanical perspective, it is
known that locking plate systems are effective in keeping the bones
fixed in their current positions; however, their capacity to apply com-
pression force is limited.'**! Additionally, plate-only constructs may
fail due to increased construct stiffness, limited axial compression
across the fusion interface, and geometric mismatch between the
humeral-specific PHILOS plate and hindfoot anatomy, all of which
may compromise the mechanical environment required for fusion.
On the other hand, it is thought that axial compression provided by
cannulated screws may improve union rates by increasing mechani-
cal stability in the fusion line and reducing the risk of implant fail-
ure. In another case where nonunion was observed, union could not
be achieved despite the use of a cannulated screw together with a
PHILOS plate. In this case, it is highly probable that biological risk
factors such as uncontrolled diabetes mellitus and Charcot neuropa-
thy present in the patient contributed to the nonunion. Because this
cohort intentionally reflects a heterogeneous real-world population,
subgroup analyses should be interpreted cautiously, as limited sam-
ple size reduces statistical power despite enhancing clinical represen-
tativeness. Separate comparisons based on the presence of Charcot
neuroarthropathy, diabetes, and smoking did not reveal any statisti-
cally significant differences, although fusion rates were numerically
lower in the groups with these factors. However, this comparison is
descriptive rather than definitive because it was conducted in a rela-
tively small group of patients. Moreover, because of the small sam-
ple size and event counts, we were unable to perform multivariable
adjustment for these risk factors; therefore, residual confounding by
diabetes, smoking, Charcot neuroarthropathy, and prior surgery can-
not be excluded. Indeed, it has been demonstrated in various stud-
ies in the literature that diabetes and Charcot neuropathy negatively
affect the success of ankle arthrodesis. So, although the applied surgi-
cal method is considered an effective technique in terms of achieving
fusion, the failure obtained in this case once again emphasizes the
importance of biological support and patient selection.

Complications occurred in 6 out of 32 ankles (18.8%), which is rela-
tively high compared to studies reported in the literature. We attri-
bute this situation to the high-comorbidity burden in the patient
group. 40.0% of the patients were active smokers, 26.7% were dia-
betic, and 37.5% had a history of previous surgery. Patients who had
undergone surgery due to trauma accounted for 31.3% (10 ankles),
those with Charcot arthropathy accounted for 28.1% (9 ankles),
those with a history of unsuccessful fusion accounted for 9.4% (3
ankles), and patients with primary arthrosis who had not under-
gone surgery before accounted for 12.5% (4 ankles). Although this
complexity increases the clinical applicability of the present results
to high-risk practice settings, it may also have influenced complica-
tion rates and limits extrapolation to lower-risk populations. Despite
this, the 90.6% successful fusion rate obtained demonstrates that the
arthrodesis technique applied with the PHILOS plate is a reliable and
effective method. Furthermore, although intraoperative fluoroscopy
and clinical assessment were used to obtain and confirm a planti-
grade foot position, the lack of standardized, quantitative alignment
measurements precluded a more detailed analysis of how residual
malalignment might have influenced fusion or complication rates in
this cohort.

Recent studies using FAOS scores to evaluate the outcomes of TTC
arthrodesis yield results consistent with these findings. For example,

Elgoyoushi et al*® reported significant FAOS increases in their series
of 84 patients treated with TTC nailing (preoperative: 65, postopera-
tive: 84), similar to the improvement in this study. Similarly, Park
et al** reported high fusion rates and significant FAOS improve-
ments in their series of 11 patients treated with talar allografts. In
their cohort, preoperative FAOS scores were quite low (24.1 in some
subgroups), but postoperative scores increased to over 70, similar to
the increase in this series. These results suggest that this procedure
also provides the same functional improvement as fusions performed
with TTC nailing or allografting.

According to the literature review, we encountered 2 remarkable
complications that are rarely seen after ankle arthrodesis. In 2 of the
patients, peri-implant fractures developed during the follow-up period
after successful fusion. Both peri-implant tibial fractures were stress-
related injuries occurring at the level of the proximal screw rather
than traumatic events. We think that this situation is due to biome-
chanical changes that occur due to the tibia, talus, and calcaneus act-
ing as a single rigid segment after TTC arthrodesis.* Following rigid
fusion, load transfer across the tibia-talus-calcaneus complex may
become more concentrated at the proximal fixation level, potentially
increasing local stress in the distal tibia. Such stress concentration
near the most proximal screw, where cancellous bone predominates,
may have contributed to fracture development over time. Unlike
some reports suggesting increased risk with short constructs, these
implants were not relatively short and extended adequately into the
diaphysis. This suggests that factors beyond construct length, such
as patient bone quality, comorbidities, and stress redistribution after
fusion, may have contributed. While longer plates or more proximal
fixation might still be biomechanically advantageous, the present
data do not support plate length as the sole explanation.* In both
cases, complete union was achieved after tibial intramedullary nail-
ing was applied to cover the fusion area. In order to prevent such
complications, it is recommended to prefer longer plates extending to
the tibial diaphysis and to medically optimize bone mineral density.

This study has several important limitations related to its retrospec-
tive design and methodological constraints. The absence of a control
group limits causal inference, and fusion assessment relied solely
on plain radiographs without CT confirmation, which may have
reduced diagnostic sensitivity in ambiguous cases. Furthermore,
fusion was reported as a single TTC entity without separate evalua-
tion of the tibiotalar and subtalar joints, and radiographic alignment
parameters (tibiocalcaneal angle, talar tilt, hindfoot alignment) were
not systematically recorded. These factors collectively limit the preci-
sion of radiographic and joint-specific outcome interpretation.

In addition, heterogeneity in fixation strategy and patient character-
istics reflects real-world surgical decision-making but introduces vari-
ability that may confound interpretation. A uniform weight-bearing
protocol was applied to all patients, including those at higher risk,
which may not represent individualized rehabilitation strategies.
Finally, all procedures were performed by a single surgeon; while this
enhances internal consistency, it reduces generalizability. Future pro-
spective studies incorporating standardized fixation protocols, indi-
vidualized rehabilitation approaches, detailed alignment analysis,
joint-specific fusion reporting, and comprehensive patient-reported
outcomes are warranted.

This study demonstrated that TTC arthrodesis performed using
a laterally applied PHILOS plate is a feasible off-label option for
complex hindfoot pathologies, with encouraging fusion (90.6%)
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and patient satisfaction (84.4%) rates in this small retrospective
cohort. The technique may be particularly useful in patients with
osteoporosis, deformity (e.g., Charcot arthropathy), or previous sur-
gical failure, and the observed complication rate of 18.8% appears
acceptable given the high-comorbidity burden. However, given the
predominantly high-risk and heterogeneous composition of the cur-
rent cohort, these findings should not be generalized to low-risk
patients or to isolated TTC arthrodesis populations. Adjunctive
medial cannulated screw support may enhance construct stability
and potentially improve fusion outcomes; however, this association
requires validation in adequately powered prospective comparative
studies. Overall, these short- to mid-term results should be regarded
as exploratory and warrant further validation in methodologically
robust future trials.
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