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Abstract

Background: The ability to mobilize without assistance is integral to maintaining independence. Patients treated with tibio-talo-
calcaneal arthrodesis are often kept non-weightbearing post-operatively. Our hypothesis is that a dynamically locked hindfoot
arthrodesis nail and immediate weight-bearing does not compromise union rates or time to union.

Methods: All patients who underwent hindfoot fusion nails from 2009-2017 treated with 2 different intramedullary nails (23 static
in 20 patients vs 11 dynamic locking in 11 patients) were retrospectively reviewed.  Post-operative radiographs were analyzed
for union and time to union, and post-operative notes were reviewed for complications and revision surgery.

Results: 11 patients with a dynamically locked hindfoot nail were allowed to commence full weight-bearing from day 1 post-
operatively, whereas 20 patients (23 nails) were treated with a statically locked nail and kept non-weightbearing for 12 weeks.
Indications for surgery were grouped into: arthritis, inability to maintain fracture position, and neuro-muscular pathology. 90% of
patients in the early weightbearing group progressed uneventfully to union and did not require any further surgery, compared
with 83% in the non-weightbearing group.

Conclusion: Primary ankle and subtalar arthritis has a significant impact on weight-bearing. We believe that the use of a
dynamically locked hindfoot arthrodesis nail allows immediate and simple mobilization post-operatively in a patient population
who is unable to sustain non-weightbearing. This minimizes complications, does not compromise the end goal of union, and
potentially reduces hospital stay.

INTRODUCTION

The ability to mobilize without assistance is integral to
maintaining autonomy and independence, particularly in the
elderly, and allows patients to remain within their
community and home environment.1

Any foot and ankle pathology has the potential to
significantly compromise this ability. The aim of treatment
is to provide patients with a stable, plantigrade, pain-free
foot, with minimal period of bed rest and early
weightbearing.2 When the pathology is centered on the
ankle joint, traditionally the majority of surgical solutions
have required an extensive period of non-weight-bearing
post-operatively.3-5

This often has a follow-on effect of increasing strain on
other joints (shoulders and contra-lateral lower limb), or if
mobilizing is not possible, extended periods of either bed

rest or hospital admission. This, in turn, increases length of
stay, increases the likelihood of complications and removes
patients from their normal environment.  These factors are
compounded by the psychological impact of loss of
independence, feelings of isolation and many more.6, 7

The fundamental principles of a successful arthrodesis are
compression of broad cancellous surfaces with rigid fixation
in a functional position. Patients with painful arthritis of
both the ankle and subtalar joints or with severe deformities
pose a challenging management dilemma from a fixation
point of view. A tibio-talo-calcaneal arthrodesis, using an
intramedullary nail, addresses both joints concomitantly by
offering a loading sharing device for compression across the
two joints with a biomechanically stiff construct that
maintains alignment of the hindfoot during union.8, 9

It is well documented that the stability of the fixation
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method is often the primary determining factor in obtaining
a stable arthrodesis.10 It has also been biomechanically
demonstrated that compressed intramedullary nails are
significantly superior, in terms of primary stiffness, to
uncompressed intramedullary nails.11 It remains unknown,
though, if early weightbearing on a dynamized, compressing
hindfoot nail compromises the stability of hindfoot nail
fixation and alters union rates and time to achieve that union.

The senior author has transitioned from using a statically
locked hindfoot nail (fusing the ankle and subtalar joints),
with twelve weeks non-weight bearing, to using a dynamic
locking, compressing nail and allowing patients to weight
bear as tolerated (WBAT) from day 1 to address the above
concerns.

The purpose of this study was to determine whether
immediate postoperative weight bearing (if a dynamically
locked hindfoot nail was used) affected time to union
compared to delayed weightbearing in a statically locked
nail.

Table 1

Indications for arthrodesis

MATERIAL AND METHODS

All patients treated with a retrograde hindfoot nail under the
care of the senior author were identified and retrospectively
reviewed.  The dates of surgery ranged from 2009 to 2017.
The case notes, operative notes, and pre-operative and post-
operative radiographs were reviewed for all patients. Pre-
operative reasons for surgery, demographic data and relevant
comorbidities, and post-operative complication data were

recorded. Post-operative radiographs were assessed for
union defined by bony bridging across 3 out of 4 cortices on
anteroposterior and lateral views.

The indications for fusion was largely grouped into 3 main
areas:

Primary osteoarthritis
Deformity due to ankle fracture and inability to maintain
joint congruity and stability as the fracture healed

Deformity due initially to soft tissue pathology with
secondary rigid deformity (hereditary motor and sensory
neuropathy (HMSN) and posterior tibial tendon dysfunction
(PTTD))

The senior author used a statically locked nail from 2009 to
2016 and then changed to a dynamically locked nail in 2016
to 17.

A statically locked nail (Synthes Hindfoot Nail, West
Chester, PA, USA) was used exclusively for the first 20
patients (23 nails), and then a dynamically locked nail
(Integra Panta Nail, Saint Priest, France) was used for the
next 11 patients (Figure 1 and 2). This dynamically locked
nail allows for compression of up to 12mm during the
surgery, and also has the ability for 2 dynamically locked
screws at the proximal part of the nail. All patients with the
Panta Nail were allowed to weight bear-as-tolerated
(WBAT) from day 1 post-operatively. Patients with the
statically locked nail were kept non-weightbearing for 12
weeks in a cast, then weightbearing as tolerated in a walking
boot until evidence of radiographic union.

Table 2

Complications

The only outcome measure we reviewed for this initial
report was time to radiographic union.  Every patient was
reviewed post-operatively at 2 weeks, 6 weeks, 12 weeks,
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and then at 6 weekly intervals afterwards if union was
delayed. Non-union was defined as an arthrodesis that did
not unite within 12 months. Delayed union was defined as
incomplete fusion with failure of radiographic progression
on 3 consecutive radiographs within 6 months.

Statistical analysis was performed in Microsoft ExcelTM
(Version 15.0.4963.1000, Microsoft, Redmond, WA, USA)
using unpaired t-tests to compare union rates.

Figure 1

Preoperative radiographs of patient with severe primary
degenerative osteoarthritis

Figure 2

Post-operative radiographs with a dynamically locked nail
and bony union

RESULTS

34 ankles in 31 patients (3 bilateral) were assessed, with 23
statically locked nails, and 11 dynamically locked nails. The
most common pathology in each group was osteoarthritis
(Table 1). 

In the statically locked hindfoot nail group, ages ranged from
33-82 with an average of 60.7. Average time to union was
17.7 weeks (range: 12-52 weeks).  There was 1 non-union
and 3 delayed unions (Table 2). Two of the delayed unions
required removal of a static locking screw (thus dynamizing
the fusion and allowing progression to union). The other
patient elected to continue with non-operative observation,
and was lost to follow-up. One patient required an early
revision for a rotational deformity.

The non-union rate was 4%, and the delayed union rate was
13% (if we assume the patient lost to follow-up progressed
to union eventually). Thus, there was an overall
uncomplicated union rate of 83%.

The average age in the dynamically locked group was 64
years of age (43-76). 90% of patients (10/11) progressed
uneventfully to union in 14 weeks (range: 12-20 weeks),
with one non-union and one delayed union (Table 2), which
was not statistically different to the statically locked group
(p = 0.6).  The patient with delayed union required removal
of a locking screw to facilitate further compression, and
united after 36 weeks. 2 patients did complain of pain at the
proximal locking screw site, and there was some increased
new bone formation evident on x-ray, however both
progressed uneventfully to union and the pain settled with
conservative management.

The overall intervention rate post-operatively was 17% in
the statically locked nail group, versus 9% in the
dynamically locked group. 

DISCUSSION

Allowing an elderly person to remain weight-bearing and
mobile results in many positive health outcomes.1 It
minimizes muscle wasting and balance loss.  It reduces the
likelihood of pressure areas or chest infections.  It is also
more likely to enable the patient to return home and achieve
independence which is both physically and mentally
beneficial.

A significant concern for many patients faced with the
prospect of lower limb surgery is restricted mobility.  This
can often lead to mental stress and emotional distress as they
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face the possibility of either being housebound, wheelchair
bound or remaining in care for the length of time of
recovery.12 Hence early weightbearing in the setting of
hindfoot fusion surgery will address the above-mentioned
concerns.

Many foot and ankle patients present initially with combined
ankle and subtalar pathology, requiring both joints to be
addressed at the same time.13 Tibio-talo-calcaneal
arthrodesis addresses both in non-braceable neuropathic
hindfoot deformities, disabling fixed deformities, failed
ankle arthrodesis, failed total ankle arthroplasty, talar
osteonecrosis, and severe ankle and subtalar arthritis.10
However, a period of post-operative non-weight-bearing, at
least for 6 weeks and often until union, is commonplace in
the setting of hindfoot nail surgery.

The use of a dynamized nail in the setting of hindfoot
surgery is an attempt to encourage union in arthrodesis sites
that often have high non-union rates. The management of a
transverse tibial or femoral shaft fracture with the use of a
dynamically locked nail to encourage healing is well
recognized.14,15,16,17 The “dynamization” of a statically
locked nail and the commencement of weight-bearing, has
been traditionally used as an attempt to encourage union in a
slow-to-heal fracture. Likewise, hindfoot intramedullary
nails with compression have been biomechanically shown by
Muckley et al to produce large contact surfaces and great
primary stiffness.11 Hence, the early weightbearing in the
compressed dynamized nail arm of our study utilizes these
concepts in an attempt to accelerate union.

Numerous studies have been published to evaluate clinical,
functional and radiologic outcomes in patients undergoing
tibio-talo-calcaneal arthrodesis using a locked retrograde
intramedullary nail, however with the majority of studies
managing patients with a period of non-weightbearing post-
operatively. In 1995, Moore et al presented data on 19
patients undergoing hindfoot nailing with a union rate of
76%, however, data on weightbearing status post-operatively
was not available.18 Hammett et al presented 49 patients
with 52 nails non-weightbearing for 6 weeks then partial
weightbearing until union, with a union rate of 88.4%
(average 17 weeks).19 Rammelt et al had a union rate of
84% in 38 patients, with 18 managing partial weightbearing
initially, 2 patients up to 60 pounds weightbearing and 2
patients early weightbearing, the rest non-weightbearing
post-operatively.3 In a randomized trial, Mendicino et al
presented 20 feet in 19 patients who were kept non-
weightbearing until union, with a rate of 95% (average 17

weeks).5 Weight-bearing data was not reported in Caixeta et
al who had a union rate of 82% (average 16 weeks) in 29
patients.20 Chou et al published results in 55 patients (56
ankles) who were kept non-weight-bearing for 3 months,
followed by partial weight-bearing until union, with 86%
union (average of 19 weeks).4 Niinimäki et al kept 34
patients non-weight-bearing for 6-8 weeks, achieving a
union rate of 76% (average 16 weeks).21 Richter et al
utilised a compressing hindfoot nail and published a 100%
union rate in 60 patients, 48 of whom had commenced
weight-bearing at 6 weeks post-operatively (52 patients
WBAT by 9 weeks, 66 patients by 12 weeks) with 6 patients
requiring dynamization at 12 weeks.22 In a Pelton et al
paper presenting on a dynamically locked intramedullary
nail, the union rate was 88% (mean 15 weeks) in 33 patients
whom had been non-weight-bearing for an initial 6 to 8
weeks.23 Budnar et al reported a union rate of 89% (mean
14 weeks) in 42 patients undergoing 45 tibio-talo-calcaneal
arthrodesis, immobilized in a below-knee cast for 3 months,
who were kept non-weight-bearing for 2 weeks, partially
weight-bearing for 6 weeks and subsequently fully weight-
bearing.24 In a retrospective study of 58 patients (59
compressing hindfoot nails cases), Thomas et al achieved a
union rate of 93% (mean 16.7 weeks) immobilized in a non-
weight-bearing cast for 6 weeks, followed by 6 weeks in an
air cast boot progressing to full weightbearing as
tolerated.25 In a study of 30 patients managed with a tibio-
talo-calcaneal arthrodesis nail and 2 months in a non-weight-
bearing cast, Gross et al reported a union rate of 86% for the
ankle joint and 74% for the subtalar joint.26 Taylor et al
published a retrospective review of 198 patients showing a
tibiotalar union rate of 57.9% and subtalar union rate of
56.5% in 145 patients receiving non-compressing hindfoot
nails, compared with a tibiotalar union rate of 83% and
subtalar union rate of 75.5% in 53 compressing hindfoot
nails.13 Finally, Brodsky et al published on the compressing
intramedullary Integra Panta Nail reporting a union rate of
96.6% in the tibiotalar joint and 100% in the subtalar joint of
29 patients (30 compressing hindfoot nails), however all
patients were also kept non-weight-bearing for 8 weeks,
followed by a walking cast for 4 weeks.27

Our study utilized the design of a dynamically locked,
compressing hindfoot intramedullary ‘second generation
nail’, a design which when used with its nail-mounted
compression device, maintained significantly more
compression at the arthrodesis site.28 We presented a
comparative study between a statically locked nail, and
dynamically locked, compressing nail with results of union
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rate and time to union comparable to previously published
data (83% uncomplicated union rate in static locking, 90% in
dynamically locked, compressed nail). Our reoperation rates
(17% in statically locked IM nail; 9% in dynamically locked,
compressed IM nail) were comparable to published results in
a systematic review of tibio-talo-calcaneal arthrodesis with
intramedullary nailing, which showed a re-operation rate of
22% in 631 patients.29 Our data demonstrated no significant
adverse difference in immediate post-operative weight-
bearing-as-tolerated protocol in a ‘second generation nail’,
demonstrating that early weight-bearing with the use of a
dynamically locked hindfoot nail did not compromise time
to union or increase post-operative complications.

In the last 50 years, we have seen significant changes in the
health of the general population.  Our population is not only
aging, but is becoming more obese and more sedentary.
These factors all contribute to difficulty non-weight-bearing
after injury or surgery. As our population ages, the health
care system is constrained to treat increasing numbers of
patients with finite resources.  The cost of length of stay
impacts significantly on this. Our aim is to show that early
weight-bearing, and the likely reduction in hospital stay,
does not adversely impact the results of tibio-talo-calcaneal
arthrodesis surgery.

Several limitations are present in our study, the design being
a consecutive retrospective review of a non-randomized
patient cohort, and the small number of patients and as such,
this study is potentially poorly powered to demonstrate a
statistically significant difference in union rates and time to
union. However, despite a small cohort, the dynamically
locked, early weightbearing group demonstrated no increase
in complication rate or time to union, and as such, we
conclude that it provides a safe alternative to prolonged
periods of non-weightbearing in statically locked hindfoot
nails. It provides the scope for further studies to commence
early weightbearing which should alleviate the negative
consequences of prolonged non-weightbearing in often
elderly patients, as well as the cost burden of lengthy
hospitalization and community services care.

We plan to undertake a further prospective study and include
the following: time to union, length of hospital stay, wear
and pain generated in other weight-bearing joints, and pre-
operative and post-operative AOFAS scores.
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