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Clinical and Functional Outcomes in Patients with Distal
Tibial Fracture Treated by Circular External Fixation: A
Retrospective Cohort Study
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A b s t r ac t
Aims and objectives: To examine clinical and functional outcomes in patients with intra- and extra-articular distal tibial fractures treated
definitively by Ilizarov fixation.
Materials and methods: Patients with tibial fractures extending within 1 Müller square of the ankle joint were identified from our Ilizarov
database over a 5-year period. Data on treatment and outcome were assembled from this database and supplemented by a review of patient
records. General measures of health-related quality of life and limb-specific functional outcome scores were recorded. Adverse events were
documented according to Paley’s classification.
Results: One hundred and sixty-eight patients with 169 fractures were identified, 28% were open and 63% intra-articular. One hundred and
sixty-five (98%) of the fractures united, two following bone grafting in their original frames, at a median of 166.5 days (range 104–537). Three
patients with nonunions united with further treatment. One patient (an end-stage diabetic) elected to undergo amputation following multiple
early complications during treatment. Closed fractures united more rapidly than open (median 157 vs 183 days; p = 0.005) and true Pilon (43C3)
fractures took longer to unite than other fractures (median 157 vs 177 days; p = 0.01).
Sixty-seven percent of patients completed functional outcome scores. Sixty-two percent reported good or excellent ankle scores at more
than 6 months post frame removal, 38% fair and 10% poor. Patients with intra-articular fractures reported significantly worse ankle scores than
those with extra-articular injuries. General measures of health-related quality of life (EuroQol-5D) revealed significant ongoing effects despite
good clinical outcomes.
Conclusion: This study demonstrates a high union and low serious complication rate, suggesting that external ring fixation is a safe and effective
treatment for these injuries.
Keywords: Acute treatment, Ankle arthrodesis, Distal tibia fracture, Functional outcome, Ilizarov, Infection, Pin-site infection.
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Introduction
Distal tibia fractures are often caused by high-energy trauma and
are associated with soft tissue injury. Having high complication
rates, various approaches to treatment have been suggested.1–3 To
minimise further soft tissue damage and reduce implant footprint,
some surgeons advocate treatment by definitive external fixation.4,5
The lack of evidence regarding the risks and advantages of different
treatments and their outcomes has been highlighted.6 Though a
large randomised control trial UK fixation of distal tibial fractures
trial (FixDT) has recently been published, this does not include
an external fixation arm nor patients with intra-articular injuries.7
Following the introduction of Major Trauma Networks in the
United Kingdom and guidance advising treatment of complex
fractures in specialist centers, increased numbers of patients
with distal tibial fractures have presented to our department.8,9 A
significant number are managed by definitive external fixation, we,
therefore examined outcomes in this group.
The aim of this study was to assess clinical and functional
outcomes in our patients with distal tibial fractures treated by
external ring (Ilizarov) fixation. A retrospective cohort study was
undertaken for this purpose. The primary outcome measure was
the rate of bony union. Secondary outcomes were time to union,
complication rates, and patient-reported outcome measures.
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M at e r ia l s

and

Methods

Cases were identified from our prospective limb reconstruction
database. Consecutive adult patients (16-year-old or greater)
with tibial fractures extending to within 1 Müller square of the
ankle joint treated with Ilizarov frames between August 1, 2011,
and August 1, 2016, were included. Information contained in the
database was supplemented by a review of clinical records. Fracture
pattern was classified according to the Arbeitsgemeinschaft für
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Outcomes in Distal Tibial Fractures Treated by Circular External Fixation
Osteosynthesefragen / Orthoapedic Trauma Association (AO/OTA)
system with fractures designated as intra- or extra-articular (A, B, or C)
and their complexity as 1, 2, or 3.10 Open injuries were classified
according to Gustilo and Anderson after debridement.11 Union
was defined as bony bridging of at least three of four cortices on
plain radiology or computed tomography and full weight-bearing
without symptoms during follow-up, following frame removal.
Alignment at union was assessed by measuring the lateral and
anterior distal tibial angles (LDTA and ADTA) with acceptable
alignment defined as 84 to 94° for the coronal and 70 to 90° for
the sagittal planes.12 Joint surface reduction was assessed at union
according to Ovadia and Beals.13 Radiographic ankle arthritis was
graded according to the Takakura classification as absent (grade 0),
mild (grade 1—early sclerosis and osteophyte formation, no joint
space narrowing), moderate (grade 2—joint space narrowing
without subchondral bone contact), or severe (grade 3 or 4—any
obliteration of joint space) on most recent radiographs.14 Adverse
events were classified as problems (resolved by the time of frame
removal, managed non-operatively), obstacles (resolved by the
time of frame removal, managed operatively), and complications
(having long-term implications).15 Complications were subclassified
as minor, major not affecting goals of treatment (major-NA), and
major affecting goals of treatment (major-A).

Functional Outcome Scores
Since 2013, the patient-reported functional outcome data have
been routinely collected at 3 and 12 months after frame removal.
This includes the Olerud and Molander (O&M) ankle score,16 the
Lysholm knee score,17 and the Euroqol 5 dimensions questionnaire.18
Patients in whom these data were missing were sent identical postal
questionnaires for completion. Functional outcome data were
divided into those measured less than 6 months after frame removal
and more than 6 months following frame removal.

Clinical Management
At presentation, fractures were initially stabilised using a plaster
back-slab. Where early definitive fixation was either inappropriate
or unavailable, a spanning external fixator was applied if the
fracture was felt to be mechanically unstable.19 Open fractures
and compartment syndrome were managed according to British
Orthopaedic Association Standards for Trauma (BOAST)-4 and
BOAST-10 guidelines utilising a combined orthoplastic approach.8,20

In these patients, Ilizarov fixation was usually delayed until the soft
tissue envelope was secure. Joint surface reduction and stabilisation
was were undertaken at definitive soft tissue cover where necessary
using cannulated lag screws. Patients with segmental bone loss
due to open injury were treated by distraction osteogenesis using
the Ilizarov fixator.
Definitive fracture stabilisation was achieved using a
consistent operative approach. 5,21 For intra-articular injuries,
closed joint surface reduction was initially attempted by
distraction capsuloligamentotaxis. Where unsuccessful,
percutaneous or formal open reduction was undertaken via
incisions based upon cross sectional radiology. The aim was
to achieve as close to anatomic reduction as possible without
jeopardising the injured soft tissue envelope. The metaphysis was
stabilised using multiple olive wires and 4 mm partially threaded
cannulated screws as required. Two Ilizarov rings with at least two
fixation elements each were placed on the proximal fragment,
aligned with its axis. The metaphyseal block was reduced to this
initial construct. At least four wires on one or two rings, including
transfibular fixation, were placed on the metaphyseal segment.
Static ankle span to the calcaneum was added for instability or
severe joint surface comminution in selected cases (this being
removed at around 6 weeks). Where significant metaphyseal
comminution existed, an additional ring was placed to allow
reduction and stabilisation of large butterfly fragments. Examples
of different fracture patterns treated as detailed above are shown
in Figures 1 to 3.
Patients were mobilized with unrestricted weight-bearing and
range of motion. Pin-site care was according to the Royal College of
Nursing consensus guidelines.22 Routine follow-up was at 2 weeks
post frame application and then every 4–6 weeks until union.
Once radiographic union occurred, frames were destabilised by
disconnecting the rings across the fracture for 1 week. If significant
deterioration in symptoms occurred frames were restabilised and
the process repeated in 4–6 week’s. Otherwise, the fracture was
deemed to have united and the frame removed. Following this,
patients were seen at 6–12 weeks postframe removal and then at
12 months postframe removal and discharged if all was well.

Statistical Analysis
Statistical analysis was carried out using Analyse-it for Microsoft
Windows (Version 4—http://www.analyse-it.com). Assumptions

Figs 1A to C: Extra-articular distal tibial fracture. Closed fracture with significant soft tissue swelling and blistering due to high-speed rollerblading
accident. (A) Preoperative anteroposterior and lateral radiographs; (B) Anteroposterior and lateral radiographs following stabilisation with a circular
frame; (C) Anteroposterior and lateral radiographs at 18 months postinjury (fracture united and frame removed after 22 weeks)
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Figs 2A to E: High energy open total articular distal tibial fracture. (A) Preoperative AP and lateral radiographs; (B) Intraoperative radiographs from
definitive management showing joint surface reduction—(left) after debridement with the application of traction for capsuloligamentotaxis,
(middle) after open reduction and insertion of two cannulated lag screws, and (right) following completion of fixation and shortening of bone defect
to achieve contact; (C) Anteroposterior and lateral radiographs after primary treatment. Following debridement, there was 5 cm of metaphyseal
bone loss. The patient has undergone reduction and stabilisation of the joint surface, acute shortening, soft tissue cover, application of a circular
frame, and staged corticotomy for relengthening (8 weeks postinjury); (D) Anteroposterior and lateral radiographs after the patient has completed
lengthening; (E) Final anteroposterior and lateral radiographs of tibia and ankle 1-year postframe removal (fracture and regenerate united and
frame removed 7 months postinjury)

Figs 3A to C: High energy closed total articular distal tibial fracture. (A) Anteroposterior and lateral radiographs showing severe joint surface
disruption; (B) Anteroposterior and lateral radiographs following open reduction and application of circular frame. Ankle span was maintained for
6 weeks; (C) Anteroposterior and lateral radiographs at last follow-up 4 years postinjury. Patient has developed radiographic osteoarthritis despite
good joint surface reduction but has maintained function, returned to work, and complains of loss of motion rather than pain

for parametric analysis were not met; therefore, central tendency
is described as a median and spread by the interquartile range
(IQR) and absolute range where helpful. Nonparametric methods
(Mann–Whitney U, Kruskal-Wallis, Wilcoxon paired, and Spearman’s
rank tests) were used to examine relationships between variables.
Nominal variables were compared using Chi-squared and Fisher’s
exact tests as appropriate. Where specific variables were missing,
the patient was excluded from that analysis. Statistical significance
88

was assumed at the p <0.05 level.23 The manuscript was written
with reference to the STROBE statement.24

R e s u lts
Demographics and Injury Pattern
One hundred and sixty-eight patients with 169 fractures were
identified. All had completed follow-up to union and were included
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Fig. 4: Distribution of fracture type according to the AO classification. 43A extra-articular fractures—1 simple, 2 wedge, and 3 complex. 43C
complete articular—1 simple articular and metaphyseal, 2 complex metaphyseal, simple articular, 3 complex articular (one 43B and two 42 type
fractures extending to distal metaphysis not shown)

in the final analysis. Sixty-eight percent of patients were male, the
median age at injury was 44 years (IQR, 34–55; range, 16–88 years).
One hundred and thirty-four patients had isolated injuries (80%),
22 (13%) had other extremity trauma, and 26 (15%) multisystem
trauma. The median injury severity score was 4 (IQR, 4–9; range,
4–50). Fifty-nine percent had been referred to our department for
specialist treatment from elsewhere.
Distribution of fracture type is shown in Figure 4; in addition,
two fractures were classified as 42C injuries with distal tibial
metaphyseal extension, and there was a single B type injury. Most
fractures were intra-articular (107–63%), a significant proportion
being complex articular (46–28% AO43C3—Pilon fractures).
Forty-seven (28%) of the fractures were open; of these, 30 (63%)
were Gustilo and Anderson grade IIIA and 17 (37%) grade IIIB. Most
fractures were complex, as reflected by the AO classification, 28%
being type 2 and 44% type 3.

Treatment
The median time between injury and frame application was
9 days (IQR, 6–14; range, 0–82) with 15 patients having definitive
fixation in the first 48 hours. In eight patients, fixation was delayed
by more than 21 days, in three due to concerns about their soft
tissue envelope. The five remaining patients had initial treatment
elsewhere (two non-operative, two with ring, and one a monolateral
fixator). These were all revised early due to significant malreduction.
In three of these patients, a hexapod fixator was used to allow
gradual correction. All patients other than these revision cases
and those treated acutely had spanning external fixators applied
prior to definitive surgery. Of the 17 Gustilo and Anderson IIIB open
fractures, cover was achieved using free tissue transfer in six (35%),
fasciocutaneous flaps in four (24%), and partial closure and split
skin graft in three (18%). In the remaining four patients, associated
bone loss was managed by acute shortening which facilitated
direct closure of the open wounds. In total six patients suffered
segmental bone loss, all initially managed by acute shortening.

Four of these patients underwent successful re-lengthening by
distraction osteogenesis. In the remaining two patients, one
had a pre-existing contralateral leg length discrepancy and the
shortening resulted in equalisation of limb length, the other had
suffered a significant traumatic brain injury with limited functional
recovery. In both patients, it was elected, therefore, to accept the
shortening. The 29 Gustilo and Anderson IIIA injuries were closed
primarily. Of the 107 articular injuries, screws were used to augment
the metaphyseal fixation in 50 (47%) patients overall. There was no
significant difference in the rate of their use between simple (C1/2)
and complex (C3) injuries (49 vs 44%). Of the 62 extra-articular
injuries, three had spanning ankle fixation applied. This was due to
a low fibula fracture in one and very distal fracture extension with
metaphyseal comminution in the others, to improve sagittal plane
stability. Forty-eight (45%) of the patients with intra-articular injuries
had their ankles spanned. This was undertaken more commonly
in the patients with complex (43C3) injuries than those with other
articular fracture patterns (70 vs 26%, Fisher’s exact test p <0.0001).
The spanning fixation was removed at 6–8 weeks in all cases.

Clinical Outcomes
Union and Time to Union
One hundred and sixty-three (96%) fractures united without
further surgical inter vention to aid union. Two patients
underwent unplanned bone grafting and six non-operative
fracture site stimulation (distraction or Exogen), all subsequently
uniting. Therefore, 165 (98%) fractures united in their primary
Ilizarov fixators at a median of 166.5 days following injury
(IQR, 138–203; range, 104–537). Figure 5 shows cumulative
progression to the union over time, 62% uniting by 6 months,
89% by 9 months, and 96% by 1 year. Open fractures took longer
to unite than closed [median, 158 (IQR, 133–199) vs 183 (IQR
159–220); p <0.01]. (AO/OTA) group 3 severity fractures took
longer to unite (median, 183 days; IQR, 162–221) than group 1
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Fig. 5: Proportion of fractures united over time. Sixty-two percent united by 6 months and 96% by 1 year. The dashed line represents 95%
confidence interval

[median, 144 days (IQR, 126–178)] and 2 (median, 157 days; IQR,
141–192) [ p <0.0001; Kruskal-Wallis test with Tukey post hoc
analysis ( p <0.05 for group 2 vs 3 and p <0.005 for group 1 vs 3)].
No other factor was significantly associated with time to union.

procedures. In addition to the operations detailed elsewhere, two
patients underwent removal of internal fixation screws, one a fusion
for arthritis and one a pin-site release postframe removal.

Radiographic Outcomes

Two fractures required bone grafting to achieve union and four
failed to unite in their original frames (Table 2). Three of these nonunions have subsequently united with further treatment. The final
patient, a diabetic with severe peripheral neuropathy, elected to
undergo early transtibial amputation after repeated complications.

One hundred and sixty of the 168 fractures (95%) united within
5 degrees of population average LDTA, only one patient had
coronal plane malalignment of more than 10 degrees. One
hundred and sixty-two fractures (96%) united within 10 degrees
of the population average ADTA. Of the articular injuries, joint
surface reduction was graded as good (O&B score, >12) in 114
(98%) and fair (O&B score, 7–12) in two patients. In no patients,
it was graded as poor. All patients with simple articular injuries
had a score of 18/18. When considering those with complex
articular injuries, the median O&B score remained 18/18 (IQR,
16–18; range, 7–18). One hundred and thirty-seven patients had
ankle radiographs more than 12 months postinjury (Median, 20;
IQR, 17–24). Of these, 38 (28%) had signs of OA, graded as mild
in 24, moderate in 9, and severe in 5. The development of
arthritic change was very unusual in extra-articular injuries (3 of
52 patients with mild changes only). We found no relationship
between coronal or sagittal alignment and the development of
OA. Of the 84 articular fractures in this group, 21 (25%) developed
mild, 9 (11%) moderate, and 5 (6%) severe OA changes. This was
more common and more severe in those with complex articular
injury patterns (AO 43C3) compared with other articular injuries
(mild OA 15 vs 39%, moderate 4 vs 19%, and severe 0 vs 14%; Chisquared test, p <0.0001). Those with OA graded as moderate or
severe had significantly lower O&B scores (Kruskal–Walis test,
p <0.0001; Dunnett comparison against no OA, p = 0.04 for
moderate and p <0.0001 for severe).

Adverse Events and Unexpected Additional
Interventions
Details of adverse events are found in Table 1. The most severe
adverse event encountered was a problem in 53 patients (31%),
an obstacle in 14 patients (8%), and a complication in 19 patients
(11%). Thirty-one patients (18%) underwent unplanned surgical
intervention, three required two procedures, and two three
90

Non-union

Infection
Sixty-five patients (39%) suffered pin-site infections, largely
resolved by oral antibiotics. Four patients had fixation elements
replaced after failing to respond to non-operative treatment.
Eight patients (5%) suffered a deep infection. In four, this was a
persistently discharging pin site following frame removal, treated
by over-drilling and oral antibiotics with no sign of recurrence on
further follow-up (Table 1). Four patients suffered more significant
infections (Table 3). At final follow-up, all patients are currently
infection-free.

Other Significant Adverse Events
Four patients suffered thrombotic events which have not resulted
in long-term sequelae. Two patients suffered complex regional pain
syndrome, this has resolved in one and is persistent in the other. One
patient suffered a low-energy fracture at the level of a previous wire
in the proximal fragment, successfully treated with a second Ilizarov
frame. One patient had a significant malunion (18 degrees valgus).
Having requested frame removal before union and then removed
their cast against advice, the fracture lost position then united.
Though revision surgery was planned, they have subsequently
failed to attend follow-up and have been discharged.

Patient-reported Outcome Measures
Functional outcome data were incomplete. One hundred and
fourteen (67%) patients had scores recorded overall, 67 (40%) in
the first 6 months (median, 59 days; IQR, 42–89) and 87 (51%) more
than 6 months after frame removal (median, 401 days; IQR, 367–556).
Forty patients had scores recorded at both time points. Patients

Strategies in Trauma and Limb Reconstruction, Volume 16 Issue 2 (May–August 2021)

Outcomes in Distal Tibial Fractures Treated by Circular External Fixation
Table 1: Adverse events suffered by patients classified according to Paley
Classification

Number of patients

Event

Problem

72 (43%)

Pin-site infection

65

Non-operative fracture stimulation

6

Allergy/eczema (pre-existing in 3)

12

Wire removal or repair

9

Wound breakdown

1

Wire exchange

17

VTE

4

CRPS

2

Deep pin-site infection

4

Heel abscess related to monolateral exfix

1

Deep infection (one septic knee, one fracture site)

2

Unplanned bone graft to achieve union

2

Refracture (pin site)

1

Non-union

3

Amputation
Significant malunion

1
1

Obstacle

17 (10%)

Complication

19 (11%)

Minor

Major-NA

Major-A

9 (5%)

5 (3%)

5 (3%)

Number

Non-operative fracture stimulation was by low-intensity pulsed ultrasound in 3 and frame manipulation in 3. Allergy/
eczema was a reaction to dressings in 9 and exacerbation of a pre-existing condition in 3. VTE—venous thrombo-
embolism—3 lower limb deep vein thromboses and 1 pulmonary embolism. CRPS—complex regional pain syndrome.
Deep pin-site infection all remote to fracture, 1 calcaneal from spanning exfix, 3 tibial from Ilizarov wire. Complication
classification, major-NA—major complication not affecting the goals of treatment, major-A—major complication
affecting the goals of treatment

Table 2: Details of patients with non-unions
Injury details

Co-morbidities

Non-union details

Outcome

Closed severe pilon fracture
following crush injury with
compartment syndrome

None

Fracture slow to progress to
union

Bone grafted in the original
frame—united

GA IIIA open severe pilon
fracture with partial bone loss

Alcohol misuse, poor
compliance

Fracture slow to progress to
union. No evidence of bridging
of sub-segmental defect

Bone graft to defect in
original frame—united

Closed, extra-articular fracture

None

Hypertrophic non-union
following frame removal after
apparently successful treatment

Successfully treated by closed
manipulation with a hexapod
fixator
Returned to full activity including
sport

GA IIIB open fracture treated by
debridement and split skin graft
prior to transfer for definitive
frame

None

Infected non-union

Successfully treated by segmental
resection and bone transport

GA IIIA open OA/OTA 43C3
fracture

Previously undiagnosed
recalcitrant thyrotoxicosis
Polytrauma with an abdominal
injury and bowel resection

Atrophic non-union with bone
resorption
Bone catabolic state related to
thyrotoxicosis
No evidence of deep infection

Thyroidectomy led to
normalization of bone profile
Successful treatment of non-
union by internal fixation and
induced membrane technique

Closed, extra-articular fracture

Poorly controlled, complicated
type I diabetes
Insensate limb due to peripheral
neuropathy

Recurrent loss of fixation
Developed ulceration on foot

Elected to undergo transtibial
amputation
Has regained mobility with
prosthetic

with functional outcome scores available were significantly older
(median, 41 vs 47 years) than those in whom these scores were
missing. There were no other statistically significant differences
between these groups for any recorded variables.

The median Lysholm knee score at less than 6 months was 89
(IQR, 74–94) compared with 93 at more than 6 months (IQR, 81–98),
this difference did not reach statistical significance (Wilcoxon
test, p = 0.06). In contrast, the O&M ankle score improved from a
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Table 3: Details of patients with deep infection other than ring sequestrum
Injury details

Co-morbidities

Infection details

Outcome

Closed, extra-articular
fracture

None

Recurrent fracture site hematoma,
became infected clinically

Successfully treated by drainage,
debridement, and free flap. Went on
to an uneventful union following this

GA IIIB open fracture treated
by debridement and split
skin graft prior to transfer for
definitive frame

None

Infected non-union

Successfully treated by segmental
resection and bone transport

GA IIIB open with bone loss

Polytrauma with a severe head
injury. Prolonged period on ICU.
Infected surgical site
following internal fixation
proximal humerus

Septic arthritis of knee ipsilateral to
frame—apparently not related to
frame—no pin site infection, no pin
sites in or near to capsular
reflections of knee

Successfully treated by arthroscopic
washout and antibiotics without
revision of frame or removal of pins.
Went on to union without further
septic complication

GA IIIA open intra-articular
fracture

None

Collection related to calcaneal from
spanning external fixator (early)

Successfully treated by surgical
drainage, over-drilling of pin site, and
local antibiotics

Fig. 6: Proportion of patients reporting problems in different EuroQol domains at more than 6 months post frame removal (n = 87)
A and D-anxiety and depression

median of 55 (IQR, 35–70) in the first 6 months to 73 (IQR, 55–90)
(Wilcoxon test, p <0.001). This equated to an increase in the
proportion of patients rated as good or excellent from 38 to 62%,
those rated as poor fell from 20 to 10% (Chi-squared test, p <0.05,
3d.f.). The median EuroQol visual analog score (VAS) improved
from 80 (IQR, 65–88) to 85 (75–95) (Wilcoxon test, p = 0.01).
Figure 6 summarises EuroQol ratings for different domains in
patients completing outcome forms at more than 6 months post
frame removal. Table 4 shows the association of various injury
factors with functional outcomes measured at more than 6 months
post frame removal. Articular injuries, particularly 43C3 injuries, and
the development of radiographic OA were associated with worse
O&M ankle scores. Considering only those with articular injuries
(52 patients), a statistically significant relationship between the
Ovadia and Beals score for joint reduction and O&M ankle scores
was found (Spearman’s rank, rs = 0.33 and p = 0.02). No other
92

significant relationships between these scores and other variables
were detected.

Discussion
The management of distal tibial fractures is challenging. To our
knowledge, this study describes the largest series of adult patients
with distal tibial fractures treated by the Ilizarov method published
to date. The aim of this study was to assess clinical and functional
outcomes following distal tibial fractures treated in this manner
in our unit. We chose to include patients with intra- and extraarticular injuries as these injuries share the potential risks of surgical
intervention in an area with a relatively poor soft tissue envelope.
An excess of complications has been reported following internal
fixation compared with other sites. Our findings suggest definitive
Ilizarov fixation is a safe and effective approach to these injuries.
Outcome scores, however, demonstrate a significant ongoing
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Table 4: Factors associated with different functional outcome measures recorded at greater than 6 months post frame removal (n = 87)
Factor

Lysholm score

O&M score

EuroQol VAS

Open fracture

Yes
89
(80–93)

No
93
(84–100)
p = 0.06

Yes
65
(50–80)

No
80
(55–90)
p = 0.11

Yes
80
(69–90)

No
85
(76–95)
p = 0.24

Intra-articular
fracture

Yes
93
(81–96)

No
92
(80–100)
p = 0.69

Yes*
65
(48–81)

No*
80
(63–90)
p = 0.02

Yes
85
(75–95)

No
85
(70–90)
p = 0.58

AO severity

1
93
(80–98)

2
95
(89–100)

1
80
(63–87)

2
82.5
(60–90)

1
90
(77–95)

2
90
(74–98)

Pilon fracture
(AO 43C3)

Yes
92
(80–94)

No
94
(81–100)
p = 0.19

Yes*
55
(35–66)

No*
80
(62–81)
p = 0.0003

Yes*
80
(70–87)

No*
90
(77–95)
p = 0.02

OA moderate or
SEVERE

Yes
86
(69–93)

No
93
(84–99)
p = 0.11

Yes*
37.5
(32–55)

No*
75
(60–90)
p = 0.002

Yes
80
(64–88)

No
85
(75–95)
p = 0.27

3
92
(79–95)
p = 0.26

3
60
(46–80)
p = 0.07

3
80
(75–90)
p = 0.09

Median and IQR shown, statistical significance according to Mann–Whitney U or Wilcoxon test as appropriate. *Result statistically significant p <0.05

impact on quality of life and limb function at more than 6 months
post frame removal.
Despite high rates of open and complex fractures in our study,
bony union was achieved in 98% of patients in their initial frame
and 96% without additional surgical procedures to stimulate union.
Pooled analysis of previous studies suggests non-union rates
following external fixation for distal tibial fracture to be around
5–8%.25,26 However, rates in individual studies vary, with smaller
series reporting non-union in 10–40% of patients.3,25,27,28 Previous
meta-analyses also suggest non-union rates in our series compare
favorably with patients treated for distal tibial fracture by internal
fixation, with non-union occurring in 2–9%.26,29–32 These figures are
not markedly different between studies including intra- and extraarticular fractures. Such results are, however, difficult to interpret
due to the diverse nature of the patients and treatment methods
employed, making pooled analysis troublesome and its results
potentially unreliable.25,33
The deep infection rate of 5% in this series also compares well
with that reported for other forms of treatment in both intra- and
extra-articular fractures, with individual studies reporting rates
of up to 40%. 25,33,34 This is particularly striking considering the
complexity of our cases and that half the patients with infection
had a ring sequestrum remote from the fracture, successfully
treated by simple over-drilling. Indeed only two patients (1%) had
a deep infection at the fracture site (Table 3). Previous pooled
analysis suggests that deep infection following external fixation
for distal tibial fracture occurred in 5–8% of cases.25,26 Pooled rates
of 3–16% have been reported following plate fixation and 3–8%
for intramedullary nailing (IMN).25,26,30–32,35 Reported rates in the
studies included in these analyses vary greatly, and again, concerns
about data quality exist. The FixDT trial, arguably the most robust
study examining outcomes in patients with distal tibial fracture,
reports an extremely low deep infection rate in patients treated
by internal fixation for extra-articular distal tibial fractures. Two
percent of patients overall and only 1 of 161 in the nailing group

required surgical debridement following fixation by 1 year.7 Rates
of non-operatively managed infection were much higher at 13 and
20% in the nail and plate groups, respectively. This may potentially
be of more serious long-term consequence in the context of internal
fixation. Direct comparison with our study group is difficult given
the different inclusion criteria and study design. All the FixDT
patients had closed, extra-articular fractures, and patients were
excluded in whom it was felt that, for any reason, internal fixation
was not in their best interests. In our unit, virtually all patients not
meeting these criteria are treated using Ilizarov frames, many of
whom are included in this case series. This is our usual practice
and undoubtedly introduces significant selection bias to more
complex injuries in higher-risk patients being treated with Ilizarov
frames. Nevertheless, the results of FixDT appear to show that low
early rates of serious infection can be achieved in carefully selected
patients with extra-articular fractures treated by internal fixation.
Unexpected reoperations were undertaken in 18% of patients
in this study, comparing favorably with reported rates from the
previous series. Pooled results from studies reporting outcomes
in patients treated for extra-articular fractures by internal fixation
revealed unplanned reintervention rates of 29–36%, again with
highly variable rates from 0 to 59% reported between individual
studies.32,35 Higher reoperation rates were reported in the plate
fixation groups and a large number of these were metal-ware
removal.
Rates of significant malunion were very low in our series.
The only patient with significant coronal plane malalignment
demanded frame removal before the treating surgeon advocated
this and then removed their protective cast, losing position and
uniting in 20 degrees of valgus. This compares very favorably with
pooled analysis of studies comparing IMN and internal fixation for
extra-articular injuries. 36 The most recent found significant
malunion rates of 20% in the nail and 10% in the plate patients. This
highlights the ability of the circular frame construct to achieve and
maintain alignment in peri-articular injuries.
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Patient-reported outcome measures indicate that while
reasonable results can be obtained, some patients still suffer
significant symptoms at medium-term follow-up. It is not surprising
that severity of articular injury and OA was associated with
significant impairment of ankle function and quality of life and
this is consistent with previous studies.28,34 Seventy-six percent of
patients with extra-articular fractures achieved O&M scores rated
excellent or good at more than 6 months post-treatment compared
with only 55% of those with intra-articular injury. This difference
was even more striking in those with AO43C3 injuries who achieved
good or excellent O&M scores in only 35% compared with 75% for
those with other injury patterns. It is perhaps of note that O&M
scores reported from the FixDT study at 12 months post-treatment
are comparable to those in our series at more than 6 months post
frame removal (FixDT mean of 74 vs median of 73 in our series for all
patients, 80 for extra-articular fractures).7 It is not possible to draw
direct comparisons as our patient’s scores were collected longer
after their injuries (median 401 days). However, it is important to
consider that the patients in our Ilizarov series had significantly
more severe injuries, with 63% of the injuries being intra-articular
and 28% open.
Though an ongoing impact on health-related quality of life as
measured by the EuroQOL is apparent, this is less striking than the
ankle function scores when comparing different subgroups (Fig. 6).
VASs were only slightly lower in those with 43C3 fractures, and there
was no difference when comparing patients with 43A to those with
43C type fractures. Comparison with UK norms for middle-aged
adults does, however, reveal that these injuries impact reported
health-related quality of life. 37 Patients reporting any problems
in our study group at more than 6 months post frame removal
were more common across all domains (usual activities, 36 vs 15%;
anxiety and depression, 35 vs 22%; mobility, 43 vs 15%; pain, 60 vs
41%; and self-care, 12 vs 4%). However, more severe ratings were
unusual with more than 80% of patients reporting slight or no,
and less than 10% severe or extreme, problems. This demonstrates
the significant impact that these injuries have on function and
quality of life and this information should be shared with patients
during treatment. The VAS results (median 85), were comparable
to published population norms for a healthy UK adult population
which ranges from 87 (in 25–34-year-olds) to 74 (in those aged 75
or more). This perhaps indicates that this score is less sensitive than
considering the individual domains.
This study has limitations that must be considered when
drawing conclusions. While using prospectively identified
patients and partially prospectively assembled data, it is
essentially a retrospective study and is therefore subject to
many of the limitations associated with using this methodology.
Though follow-up to frame removal is complete, many patients
did not complete patient-reported outcome scores. Though
we found few differences in recorded variables between those
who completed outcome forms and those who did not, these
results could still be subject to selection bias, as it is unclear if
other patient-related factors might influence form completion.
These data were also collected at a variety of times post frame
removal which weakens its strength. Long-term outcome data
is not available, and it is not possible to systematically examine
progression to degenerative disease. We plan to undertake a
long-term follow-up study for this purpose. While it is possible
to compare with historic patients from other studies, this work
cannot provide a direct comparison between different forms
of treatment. A major flaw in pooled analysis is the variance in
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inclusion criteria and indeed inherent selection bias present in
a tertiary referral Ilizarov service. A direct comparison between
open reduction and internal fixation and external ring fixation
with an assessment of clinical and functional outcome scores
may be more valuable in this regard. A multicentre randomised
controlled trial in closed intra-articular fractures comparing
Ilizarov treatment with internal fixation has recently begun
recruiting, which may help partially address this question. 38

C o n c lu s i o n
To our knowledge, this is the largest reported cohort of patients with
distal tibial fractures treated by circular external fixation. This appears
to be effective and safe. While patient-reported outcomes appear
good considering injury severity, a significant proportion of patients
still report functional impairment at medium-term follow-up. This
information should be helpful when counselling patients regarding
treatment options and expected return to normal function.
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