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Abstract

Background

Tibial plafond fractures are complex injuries involving the distal tibiotalar cartilage, and the
mechanism of injury is usually high energy. The approach to management is complicated
by soft tissue compromise and the lack of consensus regarding a superior fixation method.
Complications result in long-term functional and social disability. This study aimed to assess the
short-term outcomes and complications in patients with closed tibial plafond fractures surgically
managed with circular external fixation (CEF).

Methods

We retrospectively reviewed a series of patients diagnosed with closed tibial plafond fractures
in a tertiary hospital in South Africa between January 2016 and December 2019. We identified
35 patients who underwent surgical management with CEF. We assessed files for inpatient
notes, outpatient follow-up notes, and radiographic analysis. Clinical data collected included
demographics, comorbidities, postoperative complications, and the need for reoperation.
Radiological data included reduction, fracture union, equinus, and post-traumatic osteoarthritis
on X-rays at the final follow-up.

Results

The cohort was predominantly male (n = 29 of 35, 83%), with a median age of 38 years
(interquartile range [IQR] 32-46 years). The mechanism of injury was found to be high-energy
trauma in 23 patients (66%). The median follow-up period was 28 weeks (IQR 24-43 weeks).
Ninety-one per cent of patients achieved fracture union (n = 32 of 35) at a median of 19 weeks
(IQR 17-24 weeks). High-energy mechanism of injury showed a statistically significant increase
in time to union for patients (p = 0.034). Radiological reduction was acceptable to good in 69%
of patients. The superficial sepsis rate was 29%, with one patient (3%) developing deep sepsis.
Diabetes mellitus was seen as a significant risk factor. Eighty-five per cent of patients (n = 28 of
35) developed post-traumatic arthritis of the ankle joint.

Conclusion

Our study showed a high rate of fracture union and acceptable reduction with this treatment
method. Ankle radiological outcomes are affected, with patients developing equinus deformities
and post-traumatic ankle arthritis. Further prospective studies are required to determine long-
term outcomes.

Level of evidence: Level 4

Keywords: tibial plafond, tibial pilon, circular external fixation (CEF)

Introduction

Tibial plafond fractures are complex injuries involving the distal
tibiotalar articular cartilage, representing 1% of all lower limb
fractures and 5-7% of tibial fractures."? The aetiology is commonly
high-energy trauma involving axial compression, which drives the
talus into the plafond, resulting in articular impaction of the distal
tibia.®# Due to the limited muscle coverage and vascularity in this
region, soft tissue compromise occurs, which results in a prolonged
treatment course and frequently, repeat hospitalisation.®
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There is debate in the literature regarding an ideal treatment
approach.® Most studies are limited in numbers and long-term
follow-up, while others lack comparative analysis.”® The ideal
treatment method should allow for early ankle range of motion and
a return to previous level of activity.®

Circular external fixation (CEF) as a one- or two-stage procedure
has been shown to have good clinical outcomes in high-energy
injuries.>'° The benefits of CEF include limited soft tissue dissection,
preservation of the vascular supply to the fracture site and early
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weight-bearing.> Biomechanically, a circular fixator improves
stability by controlling the fracture in three planes of motion and,
therefore, allows for predictably high rates of fracture union.”"

It avoids the insertion of prominent implants, such as plates.?
These may require a second surgical procedure to remove later,
unlike CEF, which can be removed in an outpatient clinic setting
with sedation.? Fracture reduction occurs by ligamentotaxis and is
aided by the insertion of percutaneous olive wires or screws.?"

The use of CEF for tibial plafond fractures has been advocated
as an excellent treatment option despite complications such as
pin tract sepsis and ankle stiffness.'?'3 Pin tract sepsis is often
minor and resolves with local antiseptic and antibiotic therapy.2"
Distraction across the ankle joint, and early range of movement
can lead to improved ankle scores.?'* Post-traumatic osteoarthritis
often occurs due to inadequate articular reduction but responds
to non-surgical treatment methods and rarely requires early
arthrodesis."® In most studies, CEF shows high union rates, with
low malunion and nonunion rates 8.1

Further research is required in our resource-limited setting, with
the aim to determine if patient outcomes are acceptable with the
use of CEF, and what complications exist.

We retrospectively reviewed a cohort of patients who underwent
surgical management with CEF for tibial plafond fractures, with the
aim to evaluate the perioperative details, time to fracture union,
early and late complications, early clinical outcomes, radiographic
outcomes, and the need for revision surgery.

Methods

Following ethical approval, we performed a retrospective case
series, using the Preferred Reporting Of CasE Series in Surgery
(PROCESS) Guidelines.'® We identified all patients with distal tibia
fractures that were managed in a trauma and reconstruction unit
in a tertiary hospital in South Africa over four years (January 2016
to December 2019). Using the classification system described by
the AO foundation, we selected patients with a type 43C (4 = tibia;
3 = distal; C = complete articular) injury on plain film radiographs.®
From clinical records and plain film radiographs, all patients with
unilateral, closed, AO type 43C tibial plafond fractures managed
with CEF, were eligible for inclusion. Patients with bilateral AO type
43C tibial plafond fractures, polytrauma patients and those with
less than 12 weeks of follow-up, were excluded.

Surgical management

All patients were treated with a CEF, which spanned across the

ankle joint with the following configuration:

1. A single proximal tibial ring was secured to the tibial diaphysis,
proximal to the fracture site, using a single percutaneous
1.6 mm smooth wire and two hydroxyapatite (HA)-coated half
pins.

2. A foot plate was fixated with two percutaneous 1.6 mm olive
wires into the calcaneus and two percutaneous 1.6 mm smooth
wires into the proximal metatarsals. In some patients, rapid
adjust struts were then connected between the foot plate and
proximal tibial ring in a spanning-type of construct. A distal tibial
ring was added thereafter as an additional surgical procedure in
theatre (Figure 1).

3.The distal tibial ring, when added initially, or as a secondary
surgical procedure, was fixated to the tibial metaphysis with four
percutaneous 1.6 mm smooth or olive wires. An HA-coated half
pin was used in this segment where the fracture pattern allowed
additional fixation.

4.The proximal tibial and distal tibial rings were connected using
adjustable hexapod struts. The distal tibial ring was connected to
the foot plate using rapid adjust struts.

5.Displaced articular and distal tibial fragments were reduced
initially or at a secondary surgical procedure, with percutaneous
1.6 mm olive wires, which are fixated to the distal tibial ring, or
3.5 mm cannulated screws.

Antibiotic prophylaxis (3 x 1 g cefazolin intravenous) was
administered to our patients during the perioperative period. All
patients received physiotherapy and were mobilised progressively
to full weight-bearing by the first week post surgery. An
anteroposterior and lateral X-ray of the tibia was taken on day 1
post surgery and on their follow-up clinic visits at two, six and 12
weeks. If radiographic reduction was deemed unacceptable, the
surgeons inputted the clinical and radiographic parameters into a
software program, Truelok Hexapod System (TL-HEX by Orthofix),
and provided the patient with an adjustment programme, which
allowed for postoperative correction of reduction. The programme
was performed by adjusting the hexapod struts between the
proximal tibial and distal tibial rings, up to four to six weeks
postoperatively, depending on the rate of healing.

A uniform pin site care protocol was followed using sterile gauze
and a chlorhexidine antiseptic solution to dress and clean the pins.
The foot plate was routinely removed at six weeks, and the patient
allowed full weight bearing, and ankle range of motion.

Figure 1. A) Anteroposterior X-ray of a tibial plafond fracture managed with a proximal tibial ring and distal foot plate in a spanning construct. B and C)
Anteroposterior and lateral X-ray demonstrating the addition of distal tibial ring with olive and fine wire fixation attached to the distal ring, to aid in articular

reduction
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Patient data

Areview of clinic records and plain film radiographs by the principal
author and co-authors was used to identify patients. Patients’
inpatient notes were in a digital format (scanned onto the hospital
patient management software), and outpatient notes were available
as a hard copy at the hospital filing office. The following data was
collected and analysed: demographics, premorbid function, social
conditions, comorbidities, date of injury, date of admission, date
of surgery, time to fracture union, postoperative infection, revision
surgery, and follow-up period of at least 12 weeks.

The patients were categorised as having a high-energy or low-
energy injury based on the mechanism of injury. We defined a low-
energy injury as a fall sustained by a patient from a standing height
or less and a high-energy injury as a fall sustained from greater
than standing height or trauma secondary to a significant force, for
example, a motor vehicle accident.

Pin site sepsis was defined as minor and major according to the
Checketts-Otterburn classification system.'” Superficial infections
were defined as those involving the epidermis of the dermis, e.g.
cellulitis. Deep infections were defined as those involving the
subcutaneous fat, underlying fascia, muscle compartments, and
extending to bone.

Radiographs

The tibial reduction was assessed in the frontal and lateral plane

using the mechanical lateral distal tibial angle (mLDTA) of 89° and

anatomical anterior distal tibial angle (aADTA) of 80°, respectively.

1.Good reduction was assessed as < 5° varus or valgus and
articular step-off <2 mm.

2. Acceptable reduction was assessed as < 10° varus or valgus
and < 2 mm articular step-off.

3. Poorreduction was assessed as > 10° varus or valgus and >2 mm
articular step-off.

Fracture union was determined by using the Radiographic Union
Score for Tibial (RUST) fractures as described by Whelan et
al.’® Weight-bearing lateral X-rays were assessed, and equinus
noted if the calcaneal pitch was < 16°. The appearance of ankle
joint arthritis on radiographs was considered using the Takakura
classification.®

Statistical analysis

Descriptive statistical analysis was performed using jamovi version
2.4 (the jamovi project [2021]). Continuous variables were reported
as mean (+ standard deviation [SD]) if normally distributed or
median (interquartile range [IQR]) if skewed, and categorical
variables as numbers and percentages.

For the comparative analysis of the various risk factors and
comorbidities, data was imported into Python version 3.9 for
preparation and reported as linear regression models using jamovi
version 2.4. Columns with missing data for some patients were filled
to ensure the model did not break. Qualitative columns were filled
with ‘none’ while quantitative columns were filled with the mean
of the field. P-values < 0.05 were considered significant. Before
the data was input into the regression model, the explanatory
variables were analysed for correlations, which were considered
when choosing the optimal regression model for each of the target
variables. Odds ratios (OR) and confidence intervals (Cl) were
calculated for statistically significant variables.

Results

Surgical management for complex intra-articular tibial plafond
fractures with an ankle-spanning CEF was performed on 35
patients over four years (January 2016 to December 2019). These
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patients all presented with unilateral, closed, AO type 43C tibial
plafond fractures and none were excluded from our study. The
median follow-up period was 28 weeks (IQR 24-43 weeks). The
cohort (Table ) was predominantly male (n = 29 of 35, 83%), with
a median age of 38 years (IQR 32—46 years), and the mechanism
of injury was found to be high-energy trauma in 23 patients (66%).
The median time to surgery was seven days (IQR 3—-18 days).

Table I: Patient demographics and comorbidities

No Percentage

Patient total 35 100%
Age (years)

20-29 8 23%

30-39 10 29%

40-49 13 37%

> 50 4 1%
Sex

Male 29 83%

Female 6 17%
Mechanism of injury

High energy 23 66%

Low energy 12 34%
HIV status

Positive 1 31%

Negative 24 69%
Comorbidities

Hypertension 6 17%

Diabetes mellitus 3 9%

Previous tuberculosis (TB) infection 3 9%
Social habits

Smoker 20 57%

Non-smoker 15 43%

Table II: Frequency of complications and radiographic changes

No Percentage

Patient total 35 100%
Pin tract infection 10 29%
Superficial 9 26%
Deep 1 3%
Antibiotic therapy 6 17%
Surgical debridement 1 3%
Reoperation 14 40%
Frame revision 1 3%
Cannulated screw insertion 1 3%
Debridement 1 3%
Frame removal 2 6%
Addition of foot plate 1 3%
Addition of ring 8 23%
Alignment (radiographs)

Good 13 37%
Acceptable 12 34%
Poor 3 29%
Equinus (radiographs) 18 56%
Ankle arthritis (radiographs) 28 85%
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Regarding comorbid disease, 11 patients (31%) tested human
immunodeficiency virus (HIV) positive; all of them were on
antiretroviral treatment and virally suppressed. Other comorbidities
included hypertension (n = 6 of 35; 17%), diabetes mellitus (n = 3
of 35; 9%) and previous tuberculosis infection (n = 3 of 35; 12%).
Twenty (57%) patients were recorded as smokers.

Table Ill: Optimised regression analysis, odds ratios and confidence
intervals for postoperative sepsis and time to fracture union

Postoperative sepsis
Predictor p-value

Intercept 0.337
Age (years)
20-29 0.658
30-39 0.909
40-49 0.671
250 0.545
Diabetes mellitus 0.002
Time to surgery
> 2 days but < 10 days 0.057
> 10 days 0.581
Retroviral disease (HIV) 0.059
Odds ratio (OR) for superficial sepsis with diabetes mellitus (DM)
Exposed group odds 3
Non-exposed group odds 0.24
Odds ratio (OR) 12.5
Postoperative sepsis with diabetes mellitus (DM)
Yes 3

No 0
Time to fracture union
Predictor p-value

Intercept <0.001
Age (years)

20-29 0.035

30-39 0.151

40-49 0.175

250 0.679
Mechanism of injury 0.014
Hypertension (HPT) 0.216
Surgery after 48 hours 0.294
Time to surgery

> 2 days but < 10 days 0.624

> 10 days 0.137
Exposed group odds 26
Non-exposed group odds 3
Odds ratio (OR) 8.67

Confidence interval (Cl) 95% CI [0.67, 112.04]

Odds ratio (OR) for time to union and mechanism of injury

Exposed group odds 22
Non-exposed group odds 5
Odds ratio (OR) 4.4

Confidence interval (Cl) 95% CI [0.36, 54.37]
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Postoperative sepsis

Ten patients (29%) developed pin tract infection, with one patient
diagnosed with deep infection and nine categorised as superficial
infection (Table II). The patients with superficial infection were
treated with a pin site care protocol or oral antibiotics, and none
required a formal debridement in the operating theatre.

Diabetes mellitus was a statistically significant variable for
superficial postoperative pin tract infection (p = 0.002), with an OR
12.5; 95% CI 2.96 to 52.77 (Table I).

Reoperation rates

Fourteen patients (40%) underwent a repeat procedure (Table II).
Eight patients (23%) had an addition of their distal tibial ring
performed after an initial spanning construct was performed as
described in the methodology. One patient (3%) had an addition
of a foot plate performed after an initial proximal tibial and distal
tibial ring construct. One patient (3%) required cannulated screws
for further articular reduction and was taken back to theatre. One
patient (3%) had their frame revised due to poor pin placement.
Two patients (6%) did not consent to frame removal in the
outpatient clinic, and these were removed in theatre. One patient
(3%) required a surgical debridement for deep infection.

Figure 2. A) Anteroposterior and lateral X-ray with good initial tibial
alignment, and ankle joint in neutral, with proximal and distal tibial ring,
and foot plate in situ. B) Foot plate removed at six weeks, with evidence
of early ankle arthritis and equinus contracture. C) Radiographic fracture
union, post-traumatic arthritis and equinus deformity after frame removal
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Fracture union

Thirty-two patients (91%) achieved fracture union, with a median
time to union of 19 weeks (IQR 17-24 weeks). Three patients had
not united at their 12-week follow-up and were subsequently lost
to follow-up thereafter. High-energy mechanism of injury showed a
statistically significant increase in time to union (OR 4.4; 95% CI
0.36-54.37; p = 0.014), and patients between 20 and 29 years of
age showed a statistically significant decrease in time to union (OR
8.67; 95% Cl 0.67-112.04; p = 0.035) (Table IlI).

Radiographic reduction

With regard to radiographic reduction, 13 patients (37%) achieved
a good reduction, 12 patients (35%) had an acceptable reduction,
and ten patients (29%) had a poor reduction. Fifteen patients
(43%) had postoperative software correction of fracture reduction
post surgery. Nine of these patients achieved acceptable to good
reduction, while six had poor reduction at their final radiographic
follow-up (Table Il).

Ankle radiological outcomes

Fifty-six per cent of patients (n = 18 of 35) were assessed to have
ankle equinus on their final follow-up radiograph (Table Il). All these
patients also developed post-traumatic ankle arthritis. Eighty-
five per cent of patients (n = 28 of 35) developed post-traumatic
arthritis of the ankle joint (Table Il). Of these 28 patients, 19 (68%)
had their radiographic reduction assessed as acceptable to good.
Two patients (6%) had undergone ankle arthrodesis at the final
follow-up.

Hypertension was found to be a statistically significant comorbidity
in patients who developed post-traumatic ankle osteoarthritis
(OR 1.91; 95% CI 0.59-6.14; p = 0.025).

Discussion

Internal or external fixation of complex tibial plafond fractures has
an elevated risk for complications due to several factors, such as
a thin, soft tissue envelope and the tenuous blood supply, which
is vulnerable post high-energy trauma.’® Delayed fixation results
in prolonged, complex surgery due to early callus being a block
to reduction and the resultant extensive dissection required.'42
Harris et al. showed worse outcomes in patients > 55 years of age,
with AO type 43C fractures due to increased comminution of the
fracture fragments.

CEF, with or without minimally invasive percutaneous fixation,
has improved outcomes in patients with compromised soft
tissue.2”13 It allows for length restoration, fracture stabilisation,
and mechanical axis correction.®" The treatment steps include
articular surface reduction, limited internal fixation to maintain
this reduction, the application of CEF to join the metaphyseal
fragment to the diaphysis, tensioned olive wires to fix and reduce
the metaphyseal fragment, and a construct which spans fixation
across the ankle joint."020

Fracture union

This study had a high union rate of 91% at a median time of 19
weeks (IQR 17-24 weeks). The median time to union in similar
studies is 16-24 weeks.>® Lovisetti et al. found a union rate of
100% in 30 patients reviewed over nine years." A prospective
cohort study by Abd-Almageed et al. also showed a union rate of
100%." Galante et al. noted a longer healing time in AO type 43C
tibial plafond fractures; however, there was a low nonunion rate
of 1.8%.2 Harris et al. showed a longer time to union in patients
> 55 years of age." In our study, younger patients (20 to 29 years
of age), had a shorter time to union. Higher energy mechanism
of injury was a significant variable for an increased time to union
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in our study. High-energy mechanism of injury, leading to longer
times to union, are also seen in other studies by Galante et al. and
Giannoudis et al.28

Infection, soft tissue complications and reoperation
rates

The rate of pin tract infection in this study was 29%, of which 90%
were superficial, and all patients responded to oral antibiotics and
a pin tract care protocol. Studies by Ramos et al. and Lovisetti et
al., showed similar rates of superficial pin tract infection, which also
settled with local cleaning solutions and antibiotic protocols."1®
HA-coated pins, and meticulous pin care with an alcohol-based
solution, have been shown to decrease infection rates.'? Diabetes
mellitus was a significant risk factor for developing superficial pin
tract infection, as all three diabetic patients in our study developed
a pin tract infection. The analysis did not show any correlation
between smoking, HIV and the development of infection, which
differs from other studies.”'° The sample size was small; however,
diabetic patients are at an increased risk of infection due to
microvascular complications and reduced perfusion in these
patients.>"

Radiographic reduction

In our study, 69% of patients achieved a fracture reduction deemed
acceptable to good at final follow-up. Cutillas-Ybarra et al. showed
that inferior quality of reduction and a reduction in ankle range
of movement were risk factors for poor long-term quality of life.®
This was supported in a meta-analysis by Malik-Tabassum et al.”
Lovisetti et al. noted that radiographic reduction does not always
correlate with clinical outcomes due to the heterogeneity of the
injury mechanism and articular cartilage damage." An example of
this is demonstrated in Figure 2, where a patient had acceptable
reduction but developed post-traumatic osteoarthritis and ankle
equinus. Giannoudis et al. found that coronal and sagittal alignment
played no significant role in the development of arthritis, and initial
articular cartilage damage was a consistent risk factor.® Initial
articular cartilage damage cannot always be accurately assessed
on plain film radiography, and a CT scan is recommended for
surgical planning.57 In this study, a CT scan was not routinely
performed due to the lack of available resources.

Ankle radiological outcomes

There were no patient-reported outcome measures (PROMs), or
functional assessment of ankle function recorded in the patient
notes. Fifty-six per cent of patients developed ankle equinus,
and 80% developed osteoarthritis, which is in keeping with the
rates in the literature (50-85%)."1%'3 Harris et al. showed that
patients with AO type 43C tibial plafond fractures have worse
ankle radiological and functional outcomes.'® In our analysis, we
found that patients with hypertension were more likely to develop
arthritis (OR 1.91; 95% CI 0.59-6.14; p = 0.025); however, the
small patient number meant that we were unable to determine the
true statistical significance or clinical significance of these results.
Early mobilisation, with rapid rehabilitation, has been shown to
improve articular cartilage outcomes.'2° Abd-Almageed et al. with
an average 12-20 month follow-up, showed most patients respond
to simple analgesia and physiotherapy.' In the long term, there is a
significant decrease in quality of life.8914

There are several limitations to this study. It is retrospective,
hence we are unable to assess PROMs, as these are not routinely
documented in patients’ records. The sample size is low, as costs
and surgical experience limit CEF availability to all patients. This
is a single-centre review and there was a varied follow-up period,
which may have affected the final analysis. Long-term, prospective
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studies are needed to determine ankle function, development of
osteoarthritis, and patients requiring arthrodesis.

Conclusion

This study shows acceptable outcomes in time to union and overall
union rate (91%), in a small sample of patients. A high-energy
mechanism of injury contributed to increased time to fracture union,
and young patients achieved fracture union in a shorter period. The
pin tract infection rate was 29%, and patient comorbidities such as
diabetes mellitus were found to predispose patients to developing
superficial infection. Many patients progressed to post-traumatic
osteoarthritis despite acceptable radiological reduction. The short-
term benefits such as a high union rate, acceptable radiographic
reduction and low deep infection rates are demonstrated in this
study. Long-term results require further studies and a larger
sample size.
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