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Introduction
Rationale

Ankle fractures are a common orthopaedic injury accounting
for 9% of fractures [1]. As with the majority of trauma, there is
a bimodal distribution of incidence with peaks in young males
and elderly females [2]. Treatment principles are to hold the
ankle in a reduced position for long enough to allow bony union.
If this can’t be adequately achieved with a plaster then surgical
intervention is routinely undertaken and traditionally achieved
with plate osteosynthesis. However, as the average age of the
population increases, fragility fractures are becoming more
common. Fragility fractures are those resulting from low level
trauma, which would not usually be expected to cause a fracture
[3]. They are often seen in elderly patients with multiple medical
co-morbidities and impaired mobility and can be complicated by
poor soft tissues surrounding the fracture. These injuries pose
new challenges to surgeons. Both plaster immobilisation and
traditional plate osteosynthesis both have numerous potential
complications including wound breakdown, metalwork failure
and non- or mal-union [4].

Restricting weight bearing in any patient group is difficult
[5]. In clinical practice this often results in elderly patient’s
weight bearing as required or not mobilising at all. Prolonged

Methods

Eligibility Criteria (Inclusion & Exclusion criteria)

immobility can lead to worsening of medical co-morbidities and
a loss of mobility, function and independence [6]. There is now
a trend towards the use of load-sharing or load-bearing devices
in the treatment of osteoperotic fractures of the femur to allow
immediate weight bearing and minimise this loss of function
associated with prolonged periods of immobility [7].

The elderly patient with an unstable ankle fracture is a
common case presentation at trauma meetings around the
country. It has been my experience that some surgeons have
opted for intramedullary (IM) fixation with a retrograde
calcaneo-talo-tibial nail for the management of frail, elderly
patients with restricted mobility, on the rationale that it allows
immediate full weight bearing and easy management of the soft
tissue envelope.

Research Objectives

The aim of this systematic review is to identify the evidence
on hindfoot IM nailing in elderly patients with fragility fractures
of the ankle by means of a structured database search. Studies
will be identified following the application of strict inclusion and
exclusion criteria prior to critical appraisal based on recognised
appraisal methodology.

Date of search: 18% October 2015

Search 1: MeSH search using Pubmed MeSH database
Database: MEDLINE via Pubmed: 1946 - above date
MeSH terms: "Ankle Fractures”[Mesh] AND "Fracture Fixation, Intramedullary”[Mesh]

Search 2: Keyword search
Database: MEDLINE via Pubmed: 1946 - above date
Keywords: ((ankle [Title/Abstract]) AND (fracture [Title/Abstract] OR fractures[Title/Abstract])) AND
nail[Title/Abstract]
Filters: English, Aged 65 + years

Figure 1: Search Strategy.
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Table 1: Summary of selected studies.

Study Lemon et al. [16] Amirfeyz et al. [14] Jonas et al. [15] Al-Nammari et al. [13]
Case series Retrospective case Retrospective case . .
Study type . . . Retrospective case review
(Prospective) review review
Level of Evidence v v v v
Patients 12 13 31 48
ACE retrograde IM
. Fixion expandable IM humeral nail
Intervention

humeral nail

or

Trigen TTC fusion nail

T2 retrograde femoral nail

ACE TTC fusion nail
Post op weight bearing Full Partial Full Full
Age (years) Mean 84 78.9 77 82
Range 75-95 64-93 42-98 61-96
Sex Female 12 (100%) 12 (92%) 21 (68%) 41 (85%)
Open fractures 0 (0%) 0 (0%) 0 (0%) 19 (40%)
Olerud and Molander Olerud and Molander Olerud and Molander
score score score Olerud and Molander score
Post-operative Post-operative
Outcome measures

complications

Union/Non-union

complications

Post-operative
complications

Post-operative complications

Union/Non-union

Time to union

Union/Non-

union

Mortality

(n=9)

Articles identified Search 1

Articles identified Search 2
(n=156)

Articles after duplicates removed
(n=156)

Articles after filters applied
(m=52)

Articles excluded (Filters:

l

English. Aged 65+ years)
(n=104)

Articles after Title review
=81

l

Articles after Abstract review
(n=4

Articles excluded
(n=44)

Articles excluded
(n=4)

l

Articles after Full text review

=4

Full-text articles excluded

l

(n=0)

Articles after Reference and
Citation Search

Full-text articles added

(n=4)

l

Articles included in study
n=4)

Figure 2: PRISMA Flow Chart.

(n=10]
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Primary research studies evaluating hindfoot
(calcaneotalotibial or tibiotalocalcaneal) IM nailing of ankle
fractures in patients 65 years and older as a primary procedure
were included in the systematic review, which was conducted
with the aid of The PRISMA Statement [8]. Articles in which
the text was not English language were excluded. Information
Sources, Search Strategy, Study Selection & Data Extraction.
An electronic Pubmed search of the MEDLINE database was
conducted for relevant studies (Figure 1). Two search strategies
were adopted, one using MeSH terms and one using a keyword
search. These search strategies are documented in Table 1.
Following the application of filters for inclusion and exclusion
criteria, the titles of all returned papers were screened by a
single author (AG). If an article appeared to meet inclusion
criteria, then the abstract was screened. Full text of the articles
deemed eligible were then read to confirm applicability for
review. Finally reference and citation tracking of these articles
was performed to ensure no relevant articles were missed
(Figure 2). Data was extracted from each article on an individual
basis by the single author, AG.

Quality Analysis & Critical Appraisal

Eachofthefinal articleswere thoroughly read and categorised
by study type. The studies were labelled with one of 5 levels of
evidence, from I to V, with I being the highest [9]. Each study
was reviewed for number of participants, intervention type,
patient age and basic demographics and the outcome measures
used (Table 1). Furthermore, each study’s research question and
methodology were summarised by means of a PICO (patient or
problem, intervention, comparison and outcome) strategy. The
studies were critically appraised with the aid of the PRISMA
checklist [8] and a methodological index for non-randomised

Table 2: PICO summary for Lemon et al. [16].

studies [10]. Risk of bias was assessed at an individual study
level as no randomised trials were included in the review. This
was performed with the assistance of the RoBANS (Risk-of-Bias
Assessment tool for Nonrandomized Studies) [11].

Results

The initial searches yielded 156 articles. 2 different search
strategies were used, one using MeSH headings and one using
a Keyword search of Titles and Abstracts. The MeSH search
retrieved 9 articles all of which were duplicates to those retrieved
from the Keyword search. Following application of filters to
the keyword search, 52 articles were identified. Review of the
titles and, where clarification was necessary, the abstracts with
application of inclusion criteria identified 4 articles for review
[12-15]. The full texts were read, and all met inclusion and
exclusion criteria. Review of the references and citations of these
4 articles identified no further articles for inclusion (Figure 1).
All 4 articles were classified as type IV evidence [9] and included
3 retrospective case reviews [12-14], and 1 prospective case
series [15].

Lemon et al. [15]

This study is the first to report the use of an expandable nail
for the stabilisation of fragility fractures of the ankle. The aims
of the study are not directly stated, but it looks at the feasibility
of using this technique in a population where both operative and
non-operative interventions have a high complication risk. It is
written as a prospective case series, although this is not directly
stated and there is no mention of an a priori protocol. No primary
outcome measure is stated, but they report a patient reported
outcome score as well as observed clinical complications (Table
2).

Patients

Consecutive patients presenting to a single hospital, between October 2002 and December 2003 with fragility fracture of the
ankle SER 4 ankle fracture Supramalleolar fracture

Intervention

Fixion expandable intramedullary humeral nail (8.5mm) Full weight bearing post operatively All patients offered removal of the

nail
Comparison N/A
Outcome 1° - No primary outcome measure stated 2° - Complications, Fracture Union, Olerud and Molander ankle score

The study reports 12 consecutive patients from a single
hospital, recruited over a clearly defined 14-month period and
all treated with the same intervention. The inclusion criterion
was a patient with a fragility fracture of the ankle. Fragility
fracture is not further defined. They have defined included
fractures as being either Lauge-Hansen [16] supination eversion
stage 4 (SE 4) with 2mm of talar shift or supramalleolar of both
tibia and fibula with greater than 15 degrees of angulation on
at least one view. There were no exclusion criteria listed. The
failure to define fragility fracture raises the possibility of missing
the inclusion of or inappropriately excluding patients and puts
the study at risk of selection bias. The fact that this single
hospital had only 12 cases over a 14-month period further raises
concerns of recruitment and selection bias. The inclusion of

supramalleolar fractures in this study also warrants scrutiny as
they are not classified as an ankle fracture according to the OTA/
AO classification [17]. Selection bias is an inherent problem
of case series, and the reporting of a consecutive series has
attempted to reduce this.

The intervention was a Fixion IM expandable intramedullary
humeral nail (Dics Orthopaedic Technologies Inc, New Jersey)
and post operatively full weight bearing with physiotherapy
assistance. The surgical technique of insertion of the nail was
clearly and reproducibly documented and standardised across
the series. It was not reported who performed the operation,
thus raising concerns about the generalisability of the technique
to a standard population. All patients were mobilised fully weight
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bearing on day 1 post op. However, 4 patients were mobilised
in a cast boot for 6 weeks and 8 only in wool and crepe - this
being reportedly down to patient preference but being a source
of performance bias. The study protocol was to remove the nail
once the fracture had united, however 6 patients (50%) refused
and 1 patient passed away prior to removal.

The results are reported as intention-to-treat at set time
points (pre-operatively, then post-operatively at 2 and 6 weeks,
3, 6 and 12 months and then yearly). It is not clear when the
outcome data was collected. The Olerud and Molander Score
(OMS) [18] has been reported for the day of admission and at a
mean of 67 weeks. Given the fact that the study does not clearly
state if it is prospective or retrospective, it is unclear whether
the day of admission score was collected retrospectively and
could represent a source of recall bias. It is also not stated how
or who administered these assessments, which could be a source
of detection bias. Of the 12 patients included in the study, one
died from a myocardial infarction 24 days post operatively.
The remaining 11 patients were followed up for a minimum 36
weeks (mean 67). It is reported that all the fractures had united,
but not stated who, how or when this assessment was made.

The outcome on which the authors place most emphasis
in the results section is the Olerud and Molander Score [18].

Amirfeyz et al. [13]
Table 3: PICO summary for Amirfeyz et al. [14]

The score is a patient assessment tool for symptoms following
ankle fracture and comprises elements including; pain, stiffness,
swelling, stair-climbing, running, jumping, squatting, use of
supports and activities of daily living, and provides a score from
0to 100 (100 being excellent). It is a validated score but may not
be ideally suited to a more elderly population.

The mean pre-injury score was 69.6 and the mean post-
operative score 61.4 ata mean of 67 weeks. No statistical analysis
has been performed, raising questions as to the relevance of
these figures. The 3 patients who died during follow up have
final outcome OMS. This raises the question as to if the OMS was
completed by all patients at all time points or calculated from
clinical review. The high follow up rate does add confidence in
the study’s validity. The authors report that all patients were
satisfied with their outcome, however no scoring system has
been used to assess patient satisfaction. They also report no
radiological evidence of degenerative joint disease relating
to nail insertion, but do not report when this assessment was
made, or how degenerative disease classified. In the discussion
the authors advocate the expandable nail’'s use for patients
with impaired mobility and cite the fact that all their patients
had impaired mobility before their injury as evidence, however
this is a fallacy of correlation and causation and this conclusion
cannot be drawn from their data.

Patients between January 199 to June 2005 receiving tibiotalocalcaneal nailing for ankle fragility fracture Age of over 60 and

Patients frail physical state Poor bone stock Poor soft tissue around the ankle An unstable fracture patterns Angulation of >15 degrees
A failed primary open reduction and internal fixation
Intervention ACE intramedullary retrograde locking nail Humeral nail (Jan 1999 - April 2004) TCC fusion nail Partial weight bearing post

operatively in walking cast

Comparison

N/A

Outcome

1° - Olerud and Molander Score 2° - Complications, Fracture Union

This study is a retrospective case review reporting a single
hospitals experience on the use of a locked intramedullary hind
foot nail for stabilisation of fragility ankle fractures. No study
aim is stated, but they use the Olerud and Molander Scale as the
primary outcome measure (Table 3). The study protocol was
devised retrospectively but included patients within a defined
date range treated with tibiotalocalcaneal nailing for ankle
fragility fracture. Inclusion criteria were clearly stated and
defined where required. Patients not meeting the above were
excluded. The inclusion and exclusion criteria were incompletely
applied with only 1 of the 13 patients receiving the intervention
after a failed primary open reduction and internal fixation, a
point which the authors fail to explain. This raises questions
of the studies reliability and does little to reduce the risk of
selection inherently present in this study design.

The intervention and surgical technique were well described,
reproducible and the same for all patients. The operations were
performed by one of 3 consultant foot and ankle surgeons at
the hospital, limiting the generalisability of their results. All

patients were mobilised partial weight bearing in a walking
cast for 6 weeks and followed up at set time intervals (2, 6-8
weeks, 3, 6 and 12 months, then annually). The OMS was used
as the primary outcome measure, but also reported were
complications and fracture union. All living patients were
interviewed retrospectively. It is not reported who conducted
the interview but is a possible source of interviewer bias. For
deceased patients a mobility and pain assessment were made
based on the last outpatient assessment, inpatient record or
physiotherapy notes. This attempted to reduce survivorship bias
but created a source of reporting and attrition bias.

The study results report a final outcome score for 7 of the
13 patients with a mean OMS of 50. As there was no comparison
group, the single OMS is of limited use. 6 patients died before final
interview - 1 in hospital from pneumonia and 5 subsequently
from causes unrelated to their surgery. The authors acknowledge
the low survivorship of this patient population in the discussion.
There was 1 case of superficial wound infection, 1 case of mal-
alignment requiring revision surgery and 1 case of delayed

How to cite this article: Grazette A, EI Gamal T, Nikolaides AP. A Systematic Review of the Evidence for Intramedullary Hindfoot Nailing in Elderly
Patients with Unstable Ankle Fractures. Ortho & Rheum Open Access J 2018; 12(5): 555850. DOI: 10.19080/OR0OAJ.2018.12.555850.


http://dx.doi.org/10.19080/OROAJ.2018.12.555850

Orthopedics and Rheumatology Open Access Journal (OROAJ)

union. [t is not stated when radiographs were assessed for union
or by whom.

The authors compare pre-injury and post-operative mobility
and state that all patients returned to their pre-injury level,
however their results table shows that two patients required
an increase in mobility aids post-operatively. They also state
all patients were very satisfied with their treatment but have
not used any tool to measure satisfaction. In the discussion
the authors also claim that the mean OMS score of 50 was

Table 4: PICO summary for Jonas et al. [15].

comparable to the patients’ pre-injury level. This however is an
assumption, as they did not measure it.

Jonas et al. [14]

This study is a larger retrospective case series aiming to
review the functional outcomes of patients with ankle fragility
fractures primarily managed using a TCC nail. It was a single
hospital study within a well-defined time frame, and collecting a
variety of outcome measures including OMS, which was used as
their functional outcome (Table 4).

Patients Patients between September 2008 and November 2011 receiving tibiotalocalcaneal nailing for fragility fracture of the ankle
or distal tibia
Intervention Trigen TCC Nail (Smith and Nephew) Full weight bearing as tolerated post-operatively
Comparison N/A
Outcome 1° - Not stated 2° - Olerud and Molander Score, Complications, Fracture Union, Mobility, Mortaility

There was no a priori protocol. 31 consecutive patients were
identified from the retrospective search. No inclusion or exclusion
criteria were stated, although the patient characteristics
influencing the decision to treat with a TCC nail were recorded.
They included medical co-morbidities, poor soft tissues and
inability to comply with a non-weight bearing status. Unstable
ankle fractures and 4 distal tibial fractures were included. The
inclusion of distal tibial fractures has already been questioned
by this review. This study is at a high risk of selection bias. The
authors report that all the patients were treated with the same
TCC nail, although surgical technique was not described, and it
was not clear who performed the operation. Post-operatively all
patients were mobilised fully weight bearing as tolerated and
followed up at set time points until fracture union. The risk of
performance bias is unclear.

The authors clearly describe their complications, which
Al-Nammari et al. [12]
Table 5: PICO summary for Al-Nammari et al. [13].

included 3 peri-prosthetic fractures and 2 broken nails. There
was a high loss to follow up, both due to death (29%) and
also due to infirmity preventing outpatient clinic attendance.
This has limited the studies assessment of union, with only 13
patients having radiographic confirmation. The authors have
included clinical union (defined as a lack of pain) in their results.
If the patient was unable to attend clinic they were contacted by
telephone. The authors also report a pre-injury OMS but have
not stated if this was collected retrospectively or extrapolated
from clinical notes. Overall the outcome reporting is highly
susceptible to bias.

The retrospective design and lack of inclusion criteria are
acknowledged by the authors as limitations. However, the
biggest limitation in this study is the high loss to follow up and
the lack of validity caused by handling of these incomplete data
sets.

Patients Patients between 1 January 2010 and 1 January 2013 receiving calcaneotalo-tibial nailing for ankle fracture
Intervention Long T2 retrograde femoral nail (Stryker, New Jersey) Full weight bearing as tolerated post-operatively
Comparison N/A

Outcome 1° - Not stated 2° - Olerud and Molander Score, Complications, Fracture Union, Mobility, Mortaility

This study is a retrospective case review describing a single
major trauma centre’s results in treating 48 fragility fractures
of the ankle in the frail elderly patient with a long calcaneotalo-
tibial nail. There are no stated outcome measures but the authors
report on similar outcomes to the previous 3 studies (Table
5). There is a reasonable sample size, but it includes a slightly
different patient demographic with 19/48 (40%) open fractures.
Their incidence and inclusion is due to the hospital’s status as
a major trauma centre, but is likely to influence the outcomes
and raises questions about the validity of the study in standard
orthopaedic practice.

There was no a priori protocol and it is unclear if patients
were consecutive. There are no inclusion or exclusion criteria

and the decision for treatment was at the discretion of the
on-call consultant, creating a high risk of selection bias. The
intervention was with a long nail passing the isthmus of the
tibia (T2 retrograde femoral nail). A long nail was used due to
the risk of peri-prosthetic fracture with shorter nail types [14].
The surgical technique is recorded and is reproducible, as were
post-operative instructions for full weight bearing and follow up.
The procedure was performed by a mix of consultant surgeons
and registrars (none experts in foot and ankle surgery) and so
is generalisable to the wider orthopaedic community. Follow up
was for 6 months. There was no specific outcome data recorded
at review and subsequently patients able (alive and with
intellectual capacity) to complete a functional assessment were
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contacted for OMS. There is no record of if this assessment was
conducted by post or over the telephone.

As expected with the inclusion of 19 open fractures, there
was a higher complication rate than previous studies. There were
5 incidences of infection, and 3 cases of metalwork complication
(all loose or broken distal locking screws). There was also 1
below knee amputation following a failed vascular repair for a
Grade Illc open fracture [19]. There were no cases on non-union
or peri-prosthetic fracture. Fracture union was assessed on a
combination of clinical and radiological fields, but it is not clear
by whom. Mortality at 6 months was 35%, which is reasonable
for the population. However, only 14 (29%) of patients were
able to complete an OMS questionnaire. There was a high loss
to follow up with an inadequate explanation and high risk of
attrition bias. The strengths of this paper are the completeness
of complication reporting and the larger number of cases. The
authors cite the short follow up of 6 months as a limitation,
Table 6: Summary of Results.

however it is a pragmatic time frame for this patient group and
may be long enough to assess the outcomes selected [20].

Discussion

This systematicreview hasidentified 4 studies demonstrating
that hindfoot IM nailing for fragility fractures of the ankle can
be an effective treatment in an elderly population. However,
the intervention is not without risk and this must be balanced
against the risks of other treatment modalities by the operating
surgeon. There are no comparative studies in the literature to
show a benefit of one treatment over another. A summary of the
results of the 4 studies is provided in Table 6 and shows that
the majority of patients returned to their pre-injury level of
mobility and had a ‘fair’ functional outcome assessed by Olerud
and Molander Score [18]. There was a total of 6 infections and 17
re-operations for any cause (including 5 elective nail removals in
Lemon et al. [15] series).

Lemon Amirfeyz Jonas Al-Nammari Synthesis
Number of patients 12 11 31 48 102
Intra-op 0 0 0 0 0
Post-op
Complications
. - 5 (2 superficial, 2
Infection 1 (superficial) flap/graft, 1 deep) 6
Periprosthetic fracture 3
Broken Nail 2
Broken/loose screw 2 3
DVT 1
Below knee Amputation 1
1 displacement
requiring re-nailing
Non/Mal-Union Nil N/A 2 valgus mal-union No reported non-unions
1 delayed union
Any cause reoperation 5 1 7 4 16%
56 62
Pre-OMS 69.6 (n=12) N/A 56-70
(n=22) (n=14)
50 45 57
Post-OMS 61.4 (n=12) 45-61
(n=7) (n=22) (n=14)
Mobility - assessed as percentage Majority of patients return to
returning to use of pre-injury 82% 78% 94% 94% pre-injury level of mobility.
mobility aid Remainder drop one level
Pain - perce“taéze"fpa“e“ts pain 82% 100% N/A N/A Majority have no pain

Across the studies there was a risk of selection and reporting
bias, and assessment of the methodology showed significant
weaknesses across all the retrospective case reviews. Certain
strategies were employed to attempt to reduce bias, such as set
inclusion criteria and consecutive recruitment, but these were
often poorly implemented. Amirfeyz et al. [14] recommended a
prospective randomised trial (RCT) to compare this intervention

to more conventional treatment methods. RCTs can be limited by
time, cost and external validity, however their methodology does
reduce selection bias and account for confounding variables and
is best for assessing if a cause and effect relationship does exist.

This systematic review aimed to identify the evidence for
hindfoot IM nailing of fragility fractures of the ankle in elderly
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patients and has done so - showing that there is only a limited
amount of level 1V evidence currently in the literature which
establishes the technique as one that can be employed in this
patient population. Further research, ideally a randomised
control trial, would be required to show any benefit over current
standard treatments. This systematic review has relevance
for the wider orthopaedic community as it consolidates
current evidence and shows that IM nailing for fragility ankle
fractures can facilitate early weight bearing with a comparable
complication rate to standard treatment, a fair functional
outcome and a high level of preserved mobility.
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