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ABSTRACT

Introduction: High-energy grade Il open fractures of tibia are associated with significant complications and generate debate over the ideal
fixation method. This study compares the clinical outcomes for circular frame fixation (CFF) vs intramedullary nail fixation (IMF) in grade I
open tibial fractures.

Materials and methods: Single-centre retrospective study of patients admitted from January 2008 to December 2016. All patients with grade
Il open diaphyseal tibial fractures (AO 42 A, B, C), treated with either CFF or IMF, were included. The primary outcome was deep bone infection
(DBI). Secondary outcomes were delayed or non-union, secondary intervention, and amputation.

Results: A total of 48 limbs in 47 patients had CFF, and 25 limbs in 23 patients had IMF. Median time to definitive fixation was significantly
longer for CFF at 9 days (IQR 3-13) compared to IMF at 1 day (IQR 0-3.5) (p <0.001). The DBI rate was significantly lower (2 vs 16%) in the CFF
group (p = 0.04). There were 14 limbs (29%) with delayed or non-union in the CFF group vs 5 limbs (20%) in the IMF group. In the CFF group,
significantly more limbs required bone grafting for delayed or non-union (p = 0.03). However, there was a greater proportion of limbs in the CFF
group with segmental fractures or bone loss (46 vs 4%) and these high-energy fracture patterns were associated with secondary bone grafting
(p = 0.005), and with delayed or non-union (p = 0.03). A subgroup analysis of patients without segmental fractures or bone loss treated with
either CFF or IMF showed no significant difference in secondary bone grafting (p >0.99) and delayed or non-union rates (p = 0.72). Overall, one
patient in each group went on to have an amputation.

Conclusion: Our study found that CFF had a lower rate of DBl compared to IMF. Injuries with high-energy fracture patterns (segmental fractures
or bone loss) were more likely to have delayed or non-union and require secondary bone grafting. These factors should be considered when

selecting the appropriate method of definitive fixation.
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INTRODUCTION

Open tibial fractures are complex injuries requiring urgent
assessment and treatment, which has been formalised by the British
Orthopaedic Association (BOA) and British Association of Plastic
Reconstructive and Aesthetic Surgeons (BAPRAS) Standards for the
Management of Open Fractures.! In the United Kingdom (UK), open
fractures of the tibial diaphysis have an incidence of 3.4 per 100,000
persons each year with bimodal peaks in young males and older
females. Approximately 45% of open tibial fractures are classed as
Gustilo-Anderson (GA) grade 1.2

These injuries often result in substantial bone comminution,
periosteal stripping, soft tissue loss, and contamination and are
susceptible to bacterial ingress with biofilm formation and hence an
increased risk of deep bone infection (DBI).3 Treatment of open lower
limb fractures has a median cost of £19,200 per patient.* Furthermore,
costs can increase by more than 60% and the length of hospital
stay can almost double in patients who develop DBI.> The pooled
estimates for DBI for grade llla, lllb, and llic tibial fractures have been
reported at 5% (2.6-7.1%), 12.3% (9.4-15.1%), and 16.1% (10.2-22.0%),
respectively.® The reported overallamputationrate is 6.2% (3.8—-8.6%)
for grade lllb and 79.6% (64.3-95%) for grade llic tibial fractures.®

Reported techniques for definitive skeletal stabilisation of open
tibial fractures include intramedullary nail fixation (IMF), circular
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frame fixation (CFF), and open reduction and internal fixation.
Open reduction and internal fixation has been shown to have a
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high-pooled DBI rate of 11% and a low fracture union rate of 83%’
and, therefore, is usually avoided in grade Ill open tibial fractures.®
The BOA-BAPRAS standards recommend IMF for diaphyseal
fractures with minimal bone loss and CFF for those with greater
comminution and bone loss.! However, the optimal method of
open tibial fracture fixation remains unclear with CFF potentially
conferring a lower risk of DBI,” whilst IMF may be associated with
a shorter time to fracture union® and lower risk of non-union.'
Given the considerable discordance in the optimal management
of such fractures, the aim of this study was to compare the clinical
outcomes for modern CFF vs IMF in the management of grade llI
open tibial fractures.

MATERIALS AND METHODS

This was a single-centre retrospective study based at Hull
University Teaching Hospitals Major Trauma Centre from
January 2008 to December 2016 approved by the Quality Team
(No. 2015034). All patients with grade IlI'" and AO 42 A, B, C"?
open diaphyseal tibial fractures were included, whether treated
with definitive CFF or IMF. Patients lost to follow-up or who
underwent early amputation during the acute hospital admission
were excluded.

All data were obtained from a review of electronic theatre and
patient records, clinician-maintained electronic databases, and
paper case-notes. Data collected included patient demographics
and comorbidities; the mechanism, pattern and timing of injury;
timing of fracture fixation and soft tissue reconstruction; total
time to follow up; further operations; and outcomes. Our primary
outcome measure was DBl and the secondary outcomes were
delayed or non-union, secondary operations, and amputation.

DBl was defined by the presence of one or more of the
confirmatory criteria outlined by Metsemakers et al.: the presence
of a fistula or sinus, drainage of pus from the wound, and a
minimum of two deep tissue specimens with the same phenotypic
microorganism on culture.”® Quantitative histopathology of deep
tissue samples was not routinely performed.

Radiological and clinical criteria were used to assess bone
healing, including no pain at the fracture site, patient ability to fully
weight-bear, and mature bone bridging in at least three cortices.
The time from CFF application to frame removal was used as the
time to bone healing.

Within the limitations of a retrospective study, patients with
delayed union were defined as those who underwent secondary
procedures to stimulate fracture union such as bone grafting,
bone marrow aspirate concentrate (BMAC) injection, Exogen, and
dynamisation by removing locking screws in the IMF group. Patients
with non-union were defined as those who had fractures with
delayed union requiring surgical revision of their fixation.

For confirmation of these diagnoses, the seniorauthor reviewed
the plain radiographs to assess for the lack of bone healing
(despite adequate time since CFF or IMF), clinical documentation
for ongoing pain or mobility at the fracture site, evidence of
infection, and the nature of secondary procedures performed to
achieve union.

Patients with significant bone loss refer to those who had planned
bone grafting after initial definitive fixation, acute shortening (with
or without subsequent lengthening), bone transport, or where
clinically documented and radiologically confirmed.

Patient data were recorded using Microsoft® Excel (v16.16.3)
(Redmond, USA), and statistical analyses were performed using
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GraphPad Prism® (v8.0.0) (San Diego, USA). Continuous variables
were tested for normality using the Shapiro-Wilk test. The CFF and
IMF groups were compared using the Mann-Whitney U (MWUT)
or Fisher’s exact test (FET) depending on whether variables were
continuous or dichotomous. The Kruskal-Wallis (non-parametric)
test was used to compare the median time to circular frame removal
stratified by GA grade.

REsuLTs

Atotal of 47 patients (48 limbs) were included in the CFF group and
23 patients (25 limbs) in the IMF group. There was no significant
difference in the age and sex demographics between the two
groups (Table 1), and in the number of patients with <1 comorbidity
and patients with >2 comorbidities between the CFF and IMF
groups (p = 0.23, FET).

The distribution of grade Ill fracture subtypes within each
group is shown in Figure 1. The ratio of grade llla to grade llib
fractures treated in the CFF and IMF groups was not significantly
different (p = 0.12, FET). In the CFF group, three patients had
acute shortening to allow their grade Illb fracture wounds to be
directly closed. For the purposes of this study, their original grade
(Illb) was used.

The median time to first debridement was 1 day [interquartile
range (IQR) 0-1] in the CFF group and 0 days (IQR 0-1) in the IMF

Table 1: Patient demographics for CFF and IMF groups

Demographic factor CFF IMF
No. of patients 47 23 —
No. of limbs 48 25 —
Sex (M:F) 37 (79%): 19(83%): p>0.9999"
10 (21%) 4 (17%)
Median age 39 years 30 years p=0.15*
(interquartile range) (24-55) (19-41)
No. of comorbidities 0 31 (66%) 14 (61%)
1 8(17%) 2 (9%)
>2 8 (17%) 7 (30%)
FET; *MWUT
i 13
(2%) G2

| ® Grade llla M Grade lllb H Grade llic |

Fig. 1: Diagrams showing the distribution of grade lll tibial fractures in
CFF and IMF groups
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group (p = 0.91, MWUT). However, the median time to definitive
stabilisation was significantly longer for the CFF group at 9 days
(IQR 3-13) in comparison with 1 day (IQR 0-3.5) for the IMF group
(p <0.0001, MWUT). All circular frames were applied with the
consultant present, whereas only 15 limbs (60%) had IMF performed
with the consultant present (p <0.0001, FET).

The majority of the frames applied were hexapod 39/48 (81%).
In the CFF group, four limbs (8%) had definitive CFF at the time of
debridement. The median time for conversion of a mono-lateral
external fixator to a circular frame was 9 days (IQR 3.75-12.25).
Eight limbs (32%) in the IMF group had a mono-lateral external
fixator at the initial debridement, which was converted at a mean
of 5.4 days (range 2-12).

There was no significant difference in the median time to soft
tissue cover for the two groups: 4 days (IQR 3-6.25) for CFF and
3 days (IQR 1-7) for IMF (p = 0.22, MWUT). Although there was
a higher percentage of free flaps performed in the CFF group
(27% in CFF and 12% in IMF), there was no statistical difference
between the two groups in the number of patients who received
flap reconstruction (local and free flap) and those who did not
(direct closure and skin graft reconstruction) (p = 0.46, FET)
(Fig. 2). In the CFF group, there were 13 grade llla injuries, of which
12 had primary closure and one underwent split-thickness skin
grafting (SSG). In the IMF group, 12 limbs had grade llla injuries of
which 8 had primary closure, 3 underwent SSG, and 1 underwent
a local flap. One patient with grade lllb injury had extensive
periosteal stripping and managed to be successfully treated with
SSG reconstruction.

Definitive fracture fixation with simultaneous definitive soft
tissue reconstruction was achieved in 10 out of 34 (29%) patients
in the CFF group and 9 out of 16 (56%) patients in the IMF group
(p = 0.78, FET). The median time to circular frame removal was

CFF 3 IMF
13 (12%)
(27%) 14

9
(36%)

15
(31%)

4
(16%)

‘ W Primary m Skin graft m Local flap Free flap‘

Fig. 2: Diagrams showing the different types of soft tissue reconstruction
used in the CFF and IMF groups

235.5 days (IQR 170.3-431.3) and increased significantly with the
severity of the injury. Limbs with fractures graded llla, lllb, and
lllc had frames removed at a median of 174 days (IQR 139-191.5),
268.5 days (IQR 213-450.5), and 432 days, respectively (p = 0.01,
Kruskal-Wallis test).

The median follow-up time from CFF application to final clinic
visit was 730 days (IQR 581-993). The median follow-up time from
IMF to final clinic visit was 548 days (IQR 136.5-937).

At follow-up, there was a significant difference in DBI with
one limb affected (2%) in the CFF group and four (16%) in the IMF
group (p = 0.04, FET). Limbs with and without DBI stratified by
fixation type, GA grade, and soft tissue reconstruction are shown in
Table 2. In the IMF group, three patients underwent the
debridement of DBl and the removal of metalwork; out of three
patients, one went on to have an amputation. The fourth patient
had retention of the metalwork and received suppressive oral
doxycycline for chronic osteomyelitis. One patient in the CFF
group had an amputation due to poor superficial wound healing
only with no signs of DBI.

Non-union was diagnosed in two limbs (4%) in the CFF group
and one limb (4%) in the IMF group (p >0.99, FET). Delayed union
was diagnosed in 12 limbs (25%) in the CFF group and 4 limbs (16%)
in the IMF group (p = 0.55, FET). Bone grafting was performed 13
timesin 11 limbs (23%) in the CFF group for delayed union and once
in one limb (2%) for non-union. In three limbs (6%) in the CFF group,
planned bone grafting after initial definitive fixation was performed
for significant bone loss at the time of injury; one of these patients
subsequently went on to have delayed union. In the IMF group,
secondary bone grafting was performed in three limbs (12%): one
planned for primary bone loss, one following debridement of DBI,
and one for non-union. Table 3 details all secondary procedures
performed. There were significantly more limbs that received
bone grafting for delayed or non-union in the CFF group (p = 0.03,
FET). In the CFF group, both patients with non-union underwent
revision of CFF (one of these additionally required bone grafting).
One patientin the IMF group with non-union underwent exchange
of IMF and bone grafting.

There were 11 limbs (23%) with segmental fractures in the
CFF group and none in the IMF group (p = 0.01, FET) and 15 limbs
(31%) in the CFF group with bone loss compared to one limb (4%)
in the IMF group (p = 0.01, FET) (Table 4). In the CFF group, 7 of
the 15 limbs with bone loss had acute shortening, and of these,
one had a proximal corticotomy for bone transport, and four had
lengthening; 8 other limbs had clinically documented bone loss.
The remaining patient with bilateral open fractures had one side
with bone transport and the other side acutely shortened without
lengthening. Six of the 15 limbs with bone loss also required a free
flap for soft tissue reconstruction. In the IMF group, one limb had
significant bone loss requiring reconstruction with the Masquelet
technique; this patient also required a free flap for soft tissue cover.

A subgroup analysis of patients in CFF and IMF groups without
bone loss or segmental fractures (surrogate features of high-

Table 2: Limbs with and without DBl stratified by fixation type, GA grade, and soft tissue reconstruction

Type of fixation CFF IMF

GA grade lla b Hic lla b llic

Soft tissue cover Flap No flap Flap No flap Flap  Noflap  Flap No flap Flap No flap Flap  Noflap
Limbs without DBI 0 12 27 7 1 0 1 10 8 2 0 0
Limbs with DBI 0 1 0 0 0 0 0 1 3 0 0 0
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Table 3: Secondary procedures for DBI, delayed or non-union, and limb length discrepancy in both groups (some limbs had more than one type

of procedure)

CFF IMF
No. of limbs (%)  No. of procedures ~ No. of limbs (%)  No. of procedures FET
Debridement of DBI 1(2) 1 3(12) 3 p=0.11
Removal of infected metalwork 1(2) 1 3(12) 3 p=0.11
Bone grafting for delayed or non-union 12 (25) 14 1(4) 1 p=0.03
Bone grafting for post-osteomyelitis debridement 0(0) 0 1(4) 1 p=034
Bone grafting for primary bone loss 3(6) 3 1(4) 1 p>0.99
BMAC/Exogen 4(8) 5 2(8) 2 p>0.99
Dynamisation — — 3(12) 3 —
Redo circular frame 2(4) 2 — — —
Exchange nail — — 1(4) 1 —
Table 4: Subgroup analysis of the effect of segmental fractures or bone loss on the outcomes for CFF and IMF groups
Not segmental fracture and
no bone loss Segmental fracture or bone loss

CFF IMF FET CFF IMF FET
Total no. of limbs 26 24 22 1
No. of limbs that had bone grafting 3(12%) 2 (8%) p >0.99 11 (50%) 1(100%) p>0.99
No. of limbs with delayed or non-union 4 (15%) 5(21%) p=0.72 10 (46%) 0 (0%) p>0.99
No of limbs with DBI 1 (4%) 3(13%) p=0.34 0 (0%) 1(100%) p=0.04

energy transfer) showed no significant difference in the delayed
or non-union rates (p = 0.72 FET) and no significant difference in
DBI (p = 0.34, FET).

Discussion

In our study, the DBI rate in the CFF group was significantly lower
than the IMF group (2 vs 16%, p = 0.04), despite more limbs with
segmental fractures (p = 0.01) or bone loss (p = 0.01), and a longer
time from debridement to CFF [9 days (IQR 3-13 days)] (p <0.0001).
Our low infection rate is in keeping with the reported literature (7).
Patients with the longest delays to CFF were those transferred either
from peripheral hospitals or from overseas.

Primary Outcome

The higher incidence of DBI in the IMF group in our study is
likely multifactorial. The tibial diaphysis has significantly fewer
extra-osseous vessels in comparison with the proximal and distal
tibial metaphyses.'* The diaphysis is therefore particularly at risk
in high-energy open tibial fractures where periosteal stripping
can result in significant areas of devascularisation around the
fracture site due to the disruption of the periosteal blood supply.
Intramedullary nailing will potentially further compromise the
endosteal blood supply.

Smith et al. showed that reamed IMF significantly reduced
endosteal blood supply compared to external frame fixation at
all time points in a canine tibial fracture model.”® Schemitsch
et al. demonstrated in a sheep tibial fracture model that reamed
IMF reduced the tibial cortical bone perfusion to just 8% of
pre-fracture values, although there was less reduction in the
unreamed IMF group (35% of pre-fracture values).'® A subsequent
study by the same authors showed that although the endosteal
blood supply of the tibia was significantly reduced by reaming,
the vascularity of the callus was not affected, and at 3 months, the
early union strength was the same in the reamed and unreamed
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groups.'” Although unreamed IMF has been associated with a
higher risk of non-union,'® a recent meta-analysis by Shao et al.
showed no statistically significant difference in union rate and
DBI outcomes between reamed vs unreamed IMF in open tibial
fractures."

Whilst there may be little difference in outcomes between
reamed or unreamed IMF in open tibial fractures, both techniques
have a higher reported rate of DBI in the literature (8.7 and 7.1%,
respectively) compared to 0.9% for CFF, with a possible factor being
the degree of damage to the endosteal blood supply.”

In the CFF group, there were two total flap failures, but neither
went on to develop DBI. Four patients in the IMF group had a flap
complication (haematoma or flap loss) of whom three went on to
develop DBI. These three patients all had debridement and mono-
lateral external fixation (Ex-Fix) first followed by definitive fracture
fixation with simultaneous soft tissue reconstruction at days 2, 8,
and 12. Flap failure in these patients resulted in the presence of
necrotic soft tissue around the fracture site, wound breakdown, and
potential exposure of the internal metalwork. This bacteria-friendly
environment along with decreased local soft tissue and cortical
perfusion due to IMF were also likely contributing factors.2%%'

Furthermore, a delay in conversion from mono-lateral Ex-Fix
to IMF may be a risk factor for DBI.22 The BOA-BAPRAS standards
state that whilst there is no definitive evidence, conversion from
temporary Ex-Fix to IMF is recommended to be within the first
72 hours.! Patients in our study had mono-lateral Ex-Fix converted
to IMF after a mean of 5.4 (2-12) days, which is 2 days longer than
recommended.

Secondary Outcomes

The definition of delayed and non-union is a continued source of
debate and will vary from surgeon to surgeon and with the nature
of the injury. The rate of delayed union was higher in the CFF group
(25%) compared to the IMF group (16%). This may be due to a bias
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towards CFF for more severe injuries or may be due to the incentive
to achieve union and frame removal (vs the ability for a patient with
IMF to continue weight-bearing during fracture union). More limbs
required bone grafting for delayed and non-union in the CFF group
(p=0.03). A subgroup analysis of the CFF group showed that 22 (46%)
limbs with bone loss or segmental fractures had a higher incidence
of delayed or non-union (p = 0.03, FET) and bone grafting (p = 0.005,
FET) compared to limbs without these injury patterns. This supports
other evidence that these injury patterns are risk factors for delayed
and non-union.?

The reason more limbs went on to secondary bone grafting in
the CFF group may be that 46% of limbs had segmental injuries or
bone loss at presentation, which are significantly more severe injury
patterns associated with greater bone devascularisation. In contrast,
there were no segmental fractures that were treated with IMF in our
study. The difference in the proportion of limbs with these injuries
in the CFF vs IMF groups may suggest a justifiable selection bias for
treatment, which is recommended in the BOA-BAPRAS standards
that state fractures with significant bone loss or complex multilevel
fractures are more appropriately treated with CFF!

Literature Review

Six meta-analyses were identified that compared IMF to
external fixation?'%%4~?’ (Table 5). All studies had at least one outcome

favouring IMF. Results of the meta-analyses should be interpreted
with caution as some studies used varying GA grades in their
inclusion criteria (some did not include lllb and llic,”® and others
included I and 11).2°3" The majority of meta-analyses included only
a small number of patients, and studies from 30 years ago®>*° were
included that used obsolete devices such as Ender nails. Most of the
studies included in the meta-analyses used mono-lateral frames
and not circular frames.?? Furthermore, there was variation between
studies in whether superficial or pin tract infections were included
in the outcome analyses. Our study includes only grade lll fractures
managed with stable circular fixators and modern intramedullary
nails.

A recent network meta-analysis by Foote et al. measured
significant unplanned reoperation rates (for DBI, implant failure,
loss of fixation, non-union, and malunion) and found that unreamed
IMF resulted in fewer unplanned reoperations compared to external
fixation with a network odds ratio (OR) 0.38; 95% confidence interval
(C1) (0.23-0.62; p <0.05).3% However, the studies included compared
mono-lateral Ex-Fix to IMF and did not include modern CFF.
They found that literature comparing CFF to IMF was not available
and that indirect evidence was of very low confidence.®® A study
by Inan et al. was notincluded in the network meta-analysis and is
the only other paper that directly compares CFF to IMF butincludes
GA llla fractures only.?®

Table 5: Summary of the meta-analyses comparing IMF and external fixation

Meta- Number of patients Superficial DBl Delayed Non-union
analyses RCTs IMF  External fixation  infection — Time to union union Malunion —
Dervin 1996 Henley 1994 12 14 0.29 — -5.28 — 0.37 —
Tornetta 1993 15 14 (0.07,1.20) (-7.84,-2.72) (0.07,2.73)
Favouring IMF
Bhandari Henley 1998 104 70 0.24 0.60 — — 0.42 0.69
20011 Tornetta 1993 15 14 (0.08,0.73) (0.36,1.01) (0.25,0.71) (0.46, 1.03)
Tu 1995 18 18 Favouring Favouring
Swanson 1990 50 50 IMF IMF
Holbrook 1989 29 28
Fang 2012 Holbrook 1989 29 28 — 0.83 —-0.07 — 2.06 1.39
Whitelaw 1990 6 14 (0.44, 1.55) (—4.65,4.52) (1.05, 4.06) (0.74, 2.62)
Tornetta 1993 15 14 Favouring
Tu 1995 18 18 IMF
Schandelmaier 1997 17 15
Alberts 1999 17 10
Jiang 2000 16 17
Shannon 2002 13 17
Fan 2004 34 22
Kaftandziev 2006 18 30
Inan 2007 29 32
Rohde 2007 20 18
Giovannini  Holbrook 1989 29 28 — 048 — — 0.41(0.21,0.81) %
2016 Inan 2007 29 32 (0.24,0.93) Favouring IMF
Mohseni 2011 25 25 Favouring IMF
Tornetta 1993 15 14
Tu 1995 18 18
Zhang 2016  Tornetta 1993 15 14 0.39 1.07 -1.01 2.26 0.27 0.68
Tu 1995 18 18 (0.17,0.87) (0.43,2.63) (-1.43,-0.59) (0.73, (0.09,0.78)  (0.22,2.11)
Schandelmaier 1997 17 15 Favouring Favouring IMF ~ 7.00) Favouring
Alberts 1999 17 10 IMF IMF
Jiang 2000 16 17
Rohde 2007 20 18
(Contd...)
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Table 5: (Contd...)

Meta- Number of patients Superficial DBl Delayed Non-union
analyses RCTs IMF  External fixation  infection — Time to union union Malunion —
Fu 2018 Holbrook 1989 29 28 5.13 1.68 — 1.35 2.99 0.90
Tornetta 1993 15 14 (2.56, (0.73,3.87) (079, (1.87,4.79) (0.45,1.78)
Tu 1995 18 18 10.28) 2.31) Favouring
Henley 1998 104 70 Favouring IMF
Inan 2007 29 32 IMF
Mohseni 2011 25 25
Superficial Delayed
Our study Number of patients infection DB/ Time to union  union Malunion Non-union
IMF CFF
Natalwala 23 47 — 9.68 — 0.69 — 1.02
etal. (1.39,120.5) (0.22, (0.07,9.16)
p=0.04 2.52) p >0.9999
Favouring CFF p=0.76

Outcomes were expressed as OR except’ (expressed as relative risk). Giovannini et al. reported a single OR for malunion and non-union

Given the limitations of the studies used in the meta-analyses
and network meta-analysis, our study is highly relevant in the
current era as we now work within a national framework following
the publication of the BOA/BAPRAS standards. Furthermore, our
study directly compares outcomes of CFF and IMF in high-energy
GA llla-c tibial fractures.

Limitations

Our study has an observational retrospective design, which is
subject to confounding factors, e.g., indication to treat. Higher
energy fracture patterns (segmental fractures or those with
significant bone loss) were more likely to undergo CFF to enable
more options for secondary procedures such as bone grafting
and limb lengthening or bone transport. Furthermore, any delay
in presentation or transfer to our unit, or delay in soft tissue cover
could have potentially influenced the choice of fixation.

The group sizes are small with relatively fewer numbers
of patients in the IMF cohort. We have a well-established limb
reconstruction unit, and therefore, all CFFs are done by experts.
However, IMF is undertaken by a wider surgical group including
trainees in 40% of cases, without consultant supervision. This may
produce inherent bias in the outcome. It is likely that this bias also
exists in other orthoplastic units where CFF or IMF may be favoured,
depending on the skills and experience of the members of these
units. We recognise that an individual surgeon’s expertise may
influence the fixation options offered to manage these injuries.
For these reasons, the results of this study should be interpreted
with caution.

CoNcLUSION

In this study of GA grade Il open tibial fractures, limbs treated with
CFF had a significantly lower incidence of DBI compared to IMF.
CFF was overall associated with a significantly greater incidence of
subsequent bone grafting for delayed or non-union. However, a
subgroup analysis of patients without segmental fractures or bone
loss showed that there was no significant difference in outcomes.
Adequately powered multicentre randomised controlled
trials are required to further ascertain differences in outcomes
between CFF and IMF, particularly in patients without high-
energy fracture patterns. We would recommend the use of CFF
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for the management of grade Ill diaphyseal open tibial fractures
particularly with high-energy fracture patterns (bone loss and
segmental) to minimise DBI.
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