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Abstract Open fractures of the tibial diaphysis are the
result of high-energy trauma. They are usually associated
with extensive soft tissue loss and represent serious
clinical problems. Surgical treatment of these injuries has
been associated with substantial complications such as
osteomyelitis, delayed bone healing, poor functional
outcome, soft-tissue failure, or even amputations. More
recently a staged treatment, with initial application of
spanning external fixators followed by definitive fixation
at secondary phase, has been advocated. Plating of these
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fractures in the acute setting remains a topic of heated
discussion. A systematic review of the literature was
carried out in order to investigate the existing evidence
concerning the efficacy and safety of this method of
osteosynthesis. Eleven papers met the inclusion criteria,
accumulating 492 open tibial fractures treated with
plating. The overall union rate ranged from 62-95%
across all studies, with time to union ranging from 13-42
weeks. The reoperation rate ranged from 8-69% and a
pooled estimate of deep infection rate was calculated at
11%. Plate fixation for the treatment of open tibial
fractures can be considered under specific conditions
which need to be elicited and clarified with future well-
designed and conducted clinical trials.

Résumé Les fractures ouvertes de la diaphyse tibiale
sont généralement secondaires a un traumatisme violent.
Elles sont généralement associées avec des lésions ou
des pertes de substance des tissus mous. Ceci entraine de
sérieux problémes thérapeutiques. Le traitement chirur-
gical de ces traumatismes est émaillé de sérieuses
complications: infections, retards de consolidation, prob-
lémes fonctionnels, 1ésions persistantes des tissus mous,
ces complications pouvant parfois conduire a une
amputation. Récemment, un traitement en deux étapes a
été mis au point avec mise en place initiale d’un fixateur
externe, suivi secondairement par une fixation définitive.
L’ostéosynthése par plaques de ces fractures, en période
aigue reste un domaine trés discuté. Une revue systém-
atique de la littérature nous a permis d’évaluer les
résultats de cette méthode d’ostéosyntheése. 11 articles
regroupant 492 fractures ouvertes traitées par plaque ont
pu étre recensés. Le taux de consolidation varie de 62 a
95% avec un temps de consolidation de 13 a 42
semaines. Le taux de réintervation varie également de
8 a 69% et le taux d’infection profonde peut étre estimé
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a 11%. L’ostéosyntheése par plaque dans le traitement des
fractures ouvertes peut étre considérée, sous certaines
conditions, comme un traitement dont les résultats
peuvent étre parfaitement définis ceci nécessitant égale-
ment quelques études ultérieures.

Introduction

The tibial shaft is more prone to open fractures than any
other long bone of the human skeleton. Epidemiological
studies have shown that open fractures comprise 23.5% of
all tibial shaft fractures [6]. The lack of muscular protection
along the anteromedial aspect of the tibia and poor blood
supply predispose open tibial fractures (OTSF) to certain
complications. They present with a 10-20-fold increased
risk of developing infection [25] than open fractures in
other anatomical areas, and a non-union rate as high as 28%
has been reported in the literature [4, 24].

Administration of intravenous broad-spectrum antibiotics,
meticulous wound debridement, operative stabilisation of the
skeletal injury and early soft tissue coverage of the open
wound are all part of the therapeutic protocols [8, 9, 12].
Despite the general consensus supporting early skeletal
stabilisation, the optimal method of achieving osseous
stability still remains a topic of controversy [11, 24].
External fixators have been widely used as they offer
versatility, ease of application with minimum operative
trauma, access to the wound and usually no interference
with free joint movement. However, they were also
associated with high rates of pin-loosening, mal-union and
non-union [7, 14]. Reamed intramedullary nails have few
advocates, especially for severe OTSF due to the damage of
the endosteal blood supply during the reaming process [11,
16]. The use of unreamed intramedullary nails has been
associated with acceptable infection rates, apparently due to
less interference with endosteal circulation, but a high rate of
hardware failure has been reported in several studies [23,
28]. The use of plates and screws has been discouraged by
many authors due to the potential damage to the periosteal
blood supply during soft tissue stripping, and the increased
risk for septic complications [2, 18]. The development of
new biological techniques and implants have revived the
interest towards open reduction and plate fixation [12].
Nevertheless, the exact role of plate fixation in the treatment
of OTSF remains obscure, as the literature is lacking in
randomised control trials (RCTs) comparing plate fixation
with the other established methods of treatment.

These observations led us to perform a systematic review
of relevant studies on open reduction and plate fixation of
open tibial shaft fractures aiming to obtain a combined
estimate for solid union, deep infection and re-operation
rates.
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Materials and methods

The methodology for conducting a systematic review of the
literature is well established and should be structured
following published guidelines [1, 21]. In order to reduce
bias we established a strict protocol for the literature review
and introduced a quality score before commencing our
search. An electronic search of the Medline database was
conducted using the PubMed search machine, entering the
following terms and Boolean operators: “open tibial
fractures” and “internal fixation”. The query was limited
to the period between January 1975 and January 2006, to
publications in English or German and to clinical papers
dealing exclusively with humans. Articles were considered
eligible for this review if they met certain inclusion criteria:
(1) samples of at least 20 open fractures, (2) plate fixation
was used, (3) at least one of the outcomes of interest was
described, and (4) details regarding the severity of the soft
tissue injury were available. Our exclusion criteria included
animal or experimental studies, papers reporting on
paediatric cohorts (age<14 years), dealing exclusively with
polytrauma patients, or including periarticular fractures of
either the knee or the ankle.

Two reviewers (CP, NKK) reviewed each article. If it
could not be excluded unequivocally a decision was
reached after evaluation of the whole manuscript and
discussion between the two reviewers. Each eligible
study was assigned a quality score by each reviewer
based on the quality instrument described by Littenberg
et al. [20]. The intraclass correlation coefficient for the
calculated score was used to evaluate the inter-reviewer
agreement.

Certain numerical data and descriptive characteristics
were extracted from each eligible report (Table 1). The
main outcomes of interest were union, infection, and re-
operation rates, and were expressed as a proportion of
events (Table 2). Fracture union was assumed when bone
healing progressed uneventfully. Deep infection was
considered to occur when terms such as fistula, deep
abscess, sequestration, osteitis and infected non-union
were used in the manuscripts. Reoperation was defined
as at least one surgical procedure following the index
procedure.

Statistical heterogeneity across the component studies
was detected using the Cochran’s chi-square test (Q test)
and I-square test. In the absence of significant statistical
heterogeneity we produced a combined estimate of effect
size using the inverse variance as normalising weight.

Statistical analysis was performed on a personal com-
puter using NCSS Statistical Software (Kaysville, UT).
Comparison of numerical parameters of interest across
groups was performed using the two-tailed, unpaired t test.
Spearman correlation was used to test any non-parametric
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Table 2 The main outcomes

Author Number of Union rate Mean time to union Infection rate Reoperation rate
fractures 95 CDH (weeks) (95 Ch (95 Ch
*Ruedi T, 1976 [27] 95 87% (79-93) nd 12% (6-20) 23% (15-33)
tJensen JS, 1977 [15] 27 93% (76-99) nd 11% (2-29) 15% (4-34)
FKristensen K, 1979 [18] 23 91% (72-99) nd 4% (0-22) 9% (1-28)
*Langenberg, 1987 [19] 21 95% (76-100) nd 10% (1-30) 14% (3-36)
*Clifford, 1988 [5] 97 87% (78-93) nd 10% (5-18) 13% (7-22)
FVara-Thorbeck R, 1989 [31] 50 62% (47-75) nd 8% (2-19) 50% (36-64)
*Bach, 1989 [2] 26 62% (41-80) 24 35% (17-56) 69% (48-86)
FKorovessis, 1992 [17] 44 82% (67-92) 24 16% (7-30) 25% (13-40)
*Bilat, 1994 [3] 42 74% (58-86) 42 7% (1-19) 21% (10-37)
+Singh, 1997 [30] 37 95% (82-99) 13 16% (6-32) 8% (2-22)
*Gopal, 2000 [12] 30 90% (73-98) 27 17% (6-35) 43% (25-63)

95 CI: 95% confidence interval
nd: non-documented

*Severe open fractures

TMild open fractures

relationship between factors of clinical and methodological
diversity across included studies and respective outcomes
of interest. Differences were considered significant at
p<0.05.

Results

The electronic search yielded 417 citations, but only 11 met
the inclusion criteria and were considered eligible for the
study [2, 3, 5, 12, 15, 17-19, 27, 30, 31]. One study was a
prospective quasi-randomised trial [2], and the rest were
retrospective case-series. [3, 5, 12, 15, 17-19, 27, 30, 31].
Eight studies provided demographic data and follow-up
details for the whole study population and not for the
specific group of OTSF treated with plating [2, 3, 15, 17—
19, 30, 31]. In these cases we used the data of the whole
population of the studies to extrapolate parameters such as
mean age, male/female ratio and follow-up rate and we
assumed that these data were representative for the
“treatment group” of interest.

Various classification systems of the grade of open injury
were used among the component studies. The classification
of Matter and Rittman was used in three papers [5, 15, 17],
the AO classification in two [3, 27], Tscherne’s classifica-
tion in two [19, 31], while the classical grading system of
Gustilo and Anderson in three studies [2, 12, 30]. Finally,
one study used a self-made classification system, grading
the open injury as “skin perforation” and “skin and muscle
laceration” [18]. In order to ensure consistency we used two
broad categories: the category of “mild open fractures”
comprising all grade I fractures according to the above
grading systems and the “severe open fractures” category
including all grades II and III open fractures. Thus the
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proportion of severe open fractures (pse) and of commi-
nuted fractures (pcom) in each OTSF cohort was calculated.

A number of methodological and clinical diversities
were present among the component studies relating to the
study design (retrospective, prospective), male/female ratio,
proportion of comminuted fractures (pcom), or severe open
fractures (pse), the use of bone graft, etc. No correlation
between the above factors of clinical heterogeneity and the
outcomes of interest was proven.

Quality score

The quality score [20] ranged from 4 to 7 points with a
mean value of 5.6 points and a median value of 6 points.
The correlation coefficient for interrater agreement was
0.78, (p<0.05). The intraclass correlation coefficient was
0.79 (95% CI, 0.59—0.90). Study quality improved by about
0.12 points per year, as indicated by the linear regression
analysis (p=0.004) (Fig. 1).

Union rate

The 11 eligible studies reported on 492 OTSF treated with
plate fixation. The union rate ranged from 62-95% across
all studies, with a mean time to union ranging from 13-42
weeks (Fig. 2). Mean time to union was documented only
in five studies [2, 3, 12, 17, 30]. Significant statistical
heterogeneity with respect to the above outcome was
detected (Q=34.6; degrees of freedom=10; p<0.001;
I°=71) and consequently pooling of the results was avoided.

We further analysed the above outcome with regards to
the severity of open injury (pse) and degree of comminu-
tion (pcom). Four subgroups of fractures were created
based on whether the values of pse and pcom in each study
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Fig. 1 Study quality improvement, as indicated by the linear
regression analysis

were equal to or less than 0.50 (pse<0.50, pcom=<0.50) or
more than 0.50. (pse>0.50, pcom>0.50).

The subgroup of severely open fractures (pse>50%) was
retrieved from six papers [2, 3, 5, 12, 19, 27] reporting on
311 open tibial fractures. The union rate ranged from 62—
95%. Significant statistical heterogeneity was detected
(Q=13.7; degrees of freedom=5; p<0.05; I*’=71) and
consequently a pooled estimate of the effect size was not
obtained.

Five papers [15, 17, 18, 30, 31] yielded data for the
subgroup of mild open fractures (pse<0.50), reporting on
181 open tibial fractures. Union rate also ranged from 62—
95%, but a combined estimate of effect size was not
calculated due to the presence of statistical heterogeneity
(Q=20.5; degrees of freedom=4; p<0.001; >=75.6). No
statistically significant difference was detected between the
above subgroups with respect to union rate (p=0.80).
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Similarly, another two subgroups were created based on
to whether pcom>0.50 or pcom<0.50. Two papers did not
provide details regarding the type of included fractures
(simple or comminuted) [2, 27]. The subgroup of commi-
nuted fractures (pcom>0.50) included seven papers report-
ing on 349 open tibial fractures [3, 5, 12, 17, 18, 30, 31].
Union rate was 62-95% across all studies. Statistical
heterogeneity characterised the results (Q=23.4; degrees of
freedom=6; p<0.001; I°=70).

The subgroup of pcom <0.50 consisted of two papers
[15, 19] reporting on 48 fractures. A weighted mean of
union rate was calculated in this subgroup at 94% (Q=0.1;
degrees of freedom=1; p>0.1; I°=0). There was a statisti-
cally significant difference in union rate between these two
subgroups (p=0.046).
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Table 3 The most common

causes for reoperation Main reasons for reoperation Number of reoperated Per cent
fractures
Revision of the initial fixation (occasional use of bone graft) 47 38%
Secondary bone grafting (without revision of the initial fixation) 17 14%
Operative debridement (for infection) 52 42%
Amputation 7 6%
Total number of reoperated fractures 123 100%

Infection rate

Data regarding the infection rate were available in all
included papers. The rate of infection ranged from 4-35%
(Fig. 3). Application of both Q and I* tests did not detect
significant statistical heterogeneity of the results and a
pooled estimate of infection rate was calculated at 11%
(Q=13.56; degrees of freedom=10, p>0.1; ’=26.3).

In the subgroup of pse>0.50 the infection rate was 5—
35%. These results were statistically heterogencous
(Q=9.87; degrees of freedom=5; p<0.10; ’=59.5). The
subgroup with pse<0.50, yielded infection rate ranging
from 4-16% (Q=4.97; degrees of freedom=4; p>0.1; I>=0).
The weighted mean of infection rate in this subgroup was
10%. No statistically significant difference in infection rate
was detected between the above subgroups (p=0.53).

The subgroups of pcom>0.50 yielded infection rates
ranging from 4-17%. A combined estimate of effect size
was calculated at 10% (Q=6.14; degrees of freedom=6;
p>0.1; I°=0). In the subgroup of pcom<0.50 a weighted
mean of infection rate was calculated at 11% (Q=0.01;
degrees of freedom=1; p>0.1; I°=0). No statistically
significant difference in infection rate was detected between
the two subgroups (p=0.76).

Reoperation rate

A total of 123 fractures underwent at least one repeat
procedure. Reoperation rate was recorded in all 11 eligible
papers and ranged from 8-69% (Fig. 4). Significant
statistical heterogeneity was detected (Q=70.9; degrees of
freedom=10; p<0.001; >=86) and calculation of a pooled
estimate of reoperation rate was not performed.

The subgroup of pse<0.50 yielded a reoperation rate
ranging from 8-50% (Q=29.4, degrees of freedom=4;
p<0.001; I>=83). In the subgroup of pse>0.50 the reoper-
ation rate was calculated at 13-69% (Q=40; degrees of
freedom=5; p<0.001; 1’=90). These two subgroups did not
differ significantly (p=0.10).

In the subgroup of pcom=<0.50 the weighted mean of
reoperation rate was 14% (Q=0.01; degrees of freedom=1;
p>0.1; 1’=0) and the subgroup of pcom>0.50 yielded
heterogeneous results (Q=38.9; degrees of freedom=6;
p<0.001; 1°=82), which ranged from 8-43%. No statisti-
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cally significant difference was detected between these two
groups (p=0.17).

In 38% of the reoperated fractures the initial plate
fixation was revised and, occasionally, bone graft was used;
in 42%, operative debridement was performed, due to
development of deep infection, and in 14% of the
reoperated cases, a secondary bone grafting procedure with
preservation of the initial fixation took place, due to
delayed healing. Amputation was the reason for reoperation
in 6% of the cases. The most common causes for
reoperation are listed in Table 3.

Discussion

A consensus has been reached that open tibial fractures
should be managed expeditiously with urgent wound
debridement, primary skeletal stabilisation and early wound
coverage [4, 11, 29]. Open reduction and internal fixation
(ORIF) with plates and screws, according to the AO
principles, has been generally out of favour due to the
unacceptably high rate of complications, particularly
infection [2, 13]. However, recent reports on severe OTSF
yielded very satisfactory results, despite the fact that several
of them had been fixed internally with plates and screws
[12]. This fact prompted us to evaluate the role of plate
fixation in open tibial fractures.

A systematic review of well-designed, randomised
control trials (RCTs) would be the proper method to
investigate our review question. Unfortunately, current
literature is lacking relevant RCTs and, consequently, we
relied on the recruitment of relevant case-series studies.
Such studies are characterised by the presence of many
uncontrolled parameters, clinical or methodological hetero-
geneity and consequently are subject to both systematic and
random error.

In our study, although we documented several factors
of clinical heterogeneity-study design (retrospective,
prospective), gender ratio, proportion of comminuted
fractures (pcom), proportion of severe open fractures
(pse) and frequency of use of bone graft-we did not
establish any relationship (Spearman correlation) between
any of these factors and the outcomes of interest. Another
uncontrolled factor across all studies was the policy with
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regards to soft tissue cover. Only one study described a
clear protocol of early or even immediate cover of open
wound with a free, vascularised muscle flap [12]. In the
remaining manuscripts, either sufficient information was
not documented, or various methods of delayed wound
cover were outlined.

The quality of included studies was assessed by a quality
instrument, rating four follow-up and one research design
parameters [20]. The quality rating of our studies was kept
in relatively low levels, ranging from 4—7 points. That was
mainly due to the research design of the component studies,
being in the majority retrospective or case series. Never-
theless, there was a clear tendency of the quality score to
improve with time.

The plating systems used in the studies of our analysis
[2, 3, 5, 15, 17-19, 27, 30, 31] included standard 4.5
dynamic compression plates applied by the standard
principles of the AO techniques [22]. The study of Gopal
et al. [12] refers to the concept of biological plating. The
development of biological minimally invasive internal
fixation techniques and implants [10, 26, 32] offers
additional arguments to the advocates of internal fixation
of open fractures, but still lacks sufficient scientific
evidence.

Our research aim was to produce a pooled estimate of
treatment effect for each of the outcomes of interest. Before
pooling of the results, we explored the presence of
statistically significant variation of individual estimates of
treatment effect of the component studies, commonly
referred to as statistical heterogeneity. In the absence of
significant statistical heterogeneity we produced a com-
bined estimate of treatment effect.

Significant statistical heterogeneity was detected across
the component studies as regards to fracture union and
reoperation rates. Wide ranges of union rate (62-95%) and
reoperation rate (8—69%) surely represent a high degree of
diversity in our material. The results of infection appeared
more homogenous and the cumulative estimate of infection
rate was 11%. Data synthesis was also feasible in the
subgroup including fewer comminuted fractures
(pcom<=<0.50). A pooled estimate of reoperation rate was
recorded at 13%, of infection rate at 11% and, finally, of
union rate at 91%. Pooling of data as regards to infection
rate was also done in the subgroup of less severe open
fractures (pse<0.50). The respective combined estimate of
treatment effect was calculated at 10%. The percentage of
either severe open or comminuted fractures in the respec-
tive subgroups was not found to influence the possibility of
infection or reoperation. Union rate, though, was statisti-
cally different in the two subgroups of pcom>0.50 and
pcom<=0.50, respectively, implying that a comminuted
fracture pattern predisposes to healing complications of
open tibial fractures.

Despite the limitations of our study, we believe that our
results indicate that plate fixation should not be absolutely
precluded as a surgical option for the management of open
tibial fractures. New implant designs and the development
of less traumatic techniques of plate application along with
the concurrent use of elaborate techniques for early and
adequate soft tissue cover, preferably with vascularised
muscle flaps, could extend the indications of plating in
selected cases of severe open fractures, provided that
enough experience and close cooperation between ortho-
paedic and plastic surgical teams are available.
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