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ABSTRACT

INTRODUCTION The standards for the management of open fractures of the lower limb published by the British Association of
Plastic, Reconstructive and Aesthetic surgeons (BAPRAS) and British Orthopaedic Association (BOA) were introduced to
improve the treatment received by patients after open injury to the lower limb. These Standards were released after BAPRAS/
BOA published Guidelines for the management of open tibial fractures.
METHODS We wished to determine the impact of these Standards upon the surgical management of open tibial fractures by
comparing patients admitted to an orthoplastic centre in the 45 months concluding December 2009 (the Guidelines era) with
those admitted during 2011 (the Standards era). Surgical procedures required during the first 30 days and 12 months after
injury were determined. Cases were divided into ‘directly admitted patients’ (DAP) and ‘transferred patients’ (TP). Standards-era
patients were divided further into those who had surgery exclusively at the orthoplastic centre (orthoplastic patients (OPP)) and
those transferred after surgery (TASP).
RESULTS The number of TP trebled in frequency in the Standards era, 25% of whom were transferred before surgery. Signifi-
cantly fewer surgical procedures were required for DAP and OPP groups compared with TP (and TASP) groups in both eras
(Mann–Whitney U-test, p=0.05). DAP and OPP groups during the Standards era underwent the fewest procedures, with the vast
majority of cases treated with two or fewer procedures in the first 12 months (88% and 80%, respectively, compared with 61%
in the Guidelines era). In the Guidelines era, 44% of TP cases and in the Standards era 39% of TP and 29% of TASP groups
underwent two or fewer procedures.

Approximately two-thirds of open tibial fractures managed in our orthoplastic centre were patients transferred after surgery.
The greatest impact of the Standards was evident for those who underwent surgery exclusively in the orthoplastic centre, reflect-
ing a more deliberate combined strategy.
CONCLUSION These findings vindicate the Standards as well as mandating reorganisation and resourcing of orthoplastic serv-
ices to ensure immediate transfer and early combined surgery. By increasing the capacity to deal with time-dependent initial
surgery, the surgical burden that the patient must endure, and which the service must provide, are reduced.
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In 1997, the British Association of Plastic, Reconstructive
and Aesthetic surgeons (BAPRAS) and British Orthopaedic
Association (BOA) published Guidelines for the management
of open tibial fractures.1 These Guidelines made several rec-
ommendations regarding the logistical and surgical man-
agement of open tibial fractures, but implementation was
variable and associated with difficulties, and their impact
unclear.2,3 Principal among these difficulties was the influ-
ence of geographical constraints on the feasibility of under-
taking the initial surgical debridement in an orthoplastic
specialist unit <6 hours of injury.

In 2009, these guidelines were superseded by The stand-
ards for the management of open fractures of the lower limb,
again produced by BAPRAS/BOA.4 This document clearly

defined the management of open injuries to the lower limb
in a stepwise fashion, from emergency treatment offered at
the roadside to complex, late reconstructive options. Litera-
ture regarding optimal management was considered for
each recommendation and justifications made.

To combat the difficulties encountered previously in the
timing and location of primary debridement, the Standards
state that patients should be cared for by a recognised
orthoplastic service. A framework is established for initial
debridement and definitive reconstructive surgery, and
proposes that the same orthoplastic team should undertake
the two procedures. To facilitate transfer from the site of
injury and initial assessment by the orthoplastic service,
the limit for primary debridement was extended from 6

LOWER LIMB

Ann R Coll Surg Engl 2015; 97: 469–475
doi 10.1308/rcsann.2015.0020

Ann R Coll Surg Engl 2015; 97: 469–475 469



hours to 24 hours post-injury. This decision was based on
the prevalence of union and infection of bone, with varying
times to initial debridement.3,5 Consequently, there has
been a ‘paradigm shift’ from emergency initial surgery to
urgent transfer to an orthoplastic service.

A study of open fractures of the ankle demonstrated that
patients endure a greater surgical burden if operative
treatment is undertaken before transfer to an orthoplastic
centre. Such patients require at least one more procedure
compared with patients who were cared for entirely by an
orthoplastic service.6 A study of grade-IIIB open tibial frac-
tures seems to support these findings, with nearly half of
similarly transferred patients requiring revision of initial
skeletal fixation.3

Early treatment by an orthoplastic service is now consid-
ered the standard of care for open fractures of the lower
limb. However, there is little evidence regarding the surgical
burden that these patients experience extending beyond
their initial admission to hospital and care. Equally, the
changing workload at the orthoplastic centre is incompletely
understood.

The aim of the present study was to review changes in
orthoplastic activity and surgical burden borne by patients
with open tibial fractures managed in Guidelines and
Standards eras.

Methods

Since April 2006, data from all open fractures of the lower
limb treated by orthopaedic and plastic-surgical teams at
Morriston Hospital (Swansea, UK) have been collected pro-
spectively for audit. Data include demographics of each
patient and his/her injury as well as details regarding surgical
procedures undertaken within Morriston Hospital and initial
referring centre. Patient details were recorded upon hospital
admission and throughout treatment. These details were
cross-referenced with operating-theatre records, operative
notes, clinical records, and the digital radiology system.

Patients were divided into two groups based upon date of
injury. Patients injured between the start of data collection
in October 2006 and December 2009 were deemed to have
been cared for in the Guidelines era. Cases treated between
January 2011 and December 2011 constituted the Stand-
ards-era group. Patients treated during 2010 (immediately
after publication of the Standards) were excluded from anal-
yses. This time period was deemed to represent changing
practices within the department and surrounding region.

Patients were subdivided further into those admitted
directly through the Emergency Department of Morriston
Hospital and subsequently admitted for their treatment
(‘directly admitted patients’ (DAP)) and those assessed and
treated initially in a peripheral hospital and transferred for
definitive surgery at a later date (‘transferred patients’ (TP)).

Then, the cohort from the Standards era was divided
again into those who underwent surgery exclusively in the
orthoplastic centre. They comprised the DAP group plus
those transferred acutely from the initial hospital before
surgery (sometimes referred to as ‘hot transfers’). These
patients were classified as ‘orthoplastic patients’ (OPP).

The remainder of the TP group for the Standards era were
referred to as ‘transferred after surgery patients’ (TASP).

The database was interrogated for information on patient
demographics, fracture pattern, Gustilo–Anderson classifi-
cation, and surgery related to the open fracture.7,8 Surgical
procedures undertaken for other injuries were recorded but
not included in analyses. All information was cross-refer-
enced with retrospective review of clinical notes, operating-
department records and the digital radiology system to
ensure accuracy and completeness. All surgical interven-
tions within the first 30 days and 12 months after injury were
recorded. Data relating to duration of hospital stay and out-
patient follow-up were not collated because these parame-
ters have been analysed separately as part of a detailed study
examining health-service utilisation by subjects with open
tibial fractures.15

Differences between Guidelines- and Standards-era
groups were assessed by non-parametric statistical analy-
ses using Quickstat Biomedical (Arcus Global, Cambridge,
UK).

Results

A total of 163 open injuries of the lower limb were treated
during the Guidelines era (April 2006 to December 2009) and
represented a mean of 3.6 open injuries of the lower limb
per month. There were 63 open tibial fractures, with com-
plete data regarding surgical burden available for 60 of these
fractures. In the Standards era, there were 63 open injuries
to the lower limb in the 12 months from January 2011 to
December 2011 inclusive, and represented a mean of 5.2
cases per month. Of these, 35 were open tibial fractures.
These data are summarised in Table 1 along with the Gus-
tilo–Anderson classification for the respective groups. Thus,
there was a mean of 1.4 open tibial fractures per month in
the Guidelines era compared with a mean of 3 per month in
the Standards era. There was no significant difference
between Guidelines and Standards eras with regard to distri-
bution of age or sex or between patient groups.

Table 1 Total number of open tibial fracture cases and
Gustilo–Anderson grade in each era (mean number of cases
per month are in parentheses)

Guidelines era

(2006–2009)

Standards era

(2011)

DAP 28 (0.6) 8 (0.7)

TP 35 (0.8) 27 (2.3)

Total 63 (1.4) 35 (3)

II 1 (2%) 7 (20%)

IIIA 6 (9%) 9 (23%)

IIIB 52 (88%) 15 (49%)

IIIC 1 (2%) 4 (9%)

DAP = directly admitted patients; TP = transferred patients
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In the Standards era, the TP group accounted for 27/35
(77%) patients, vs 35/63 (55%) in the Guidelines era. Gus-
tilo-Anderson type-IIIB injuries were the most common
type of open fracture, with 80% of Guidelines-era cases
ascribed this classification compared with 49% of Stand-
ards-era injuries (Table 1). Tibial shaft fractures (AO
Foundation and Orthopaedic Trauma Association type-42
injuries) were the most common fracture pattern, account-
ing for 61% and 74% of injuries in Guidelines and Stand-
ards eras, respectively (Table 2). Two transferred patients
in the Standards-era group required fasciotomy for com-
partment syndrome, one before transfer and the other
after. Both of these cases had a ‘floating knee’. The latter
case in the OPP group was treated initially by acute short-
ening in a circular frame, thereby allowing primary closure
of a type-IIIB injury.

Intramedullary nailing (IMN) was the most commonly
used definitive mode of fracture fixation (49% and 63% of
cases in Guidelines and Standards eras respectively) when
reviewed 12 months after injury. Monolateral external fixa-
tion declined from 17% to 6% as a definitive mode of fixa-
tion. However, use of circular frames remained more
consistent, with 13% and 17% of cases treated in this fash-
ion in Guidelines and Standards eras.

Definitive management of soft tissue 12 months post-
injury also showed differences between groups (Table 3).
Direct closure (immediate or delayed primary) was achieved
in 26% of Standards-era cases compared with 5% previ-
ously. Split-skin grafting (SSG) was the means of soft-tissue
cover in 38% of Guidelines-era cases, including 21/54 (39%)
patients whose injuries were classified as Gustilo–Anderson
type IIIB. Amputation was required in three cases (5%) in

Table 2 AO Foundation/Orthopaedic Trauma Association classification and method of definitive fracture fixation for given
Gustilo–Anderson grades of fracture

AO/OTA classification Mode of definitive fixation

41 42 43 IMN ORIF Circular frame Monolateral frame

Guidelines era II 4 0 1 1 0 0 0

IIIA 1 3 2 3 1 1 1

IIIB 4 36 14 27 8 7 10

IIIC 1 0 0 0 0 0 0

Standards era II 0 5 1 6 0 1 0

IIIA 1 6 1 6 1 0 1

IIIB 0 14 2 10 1 5 0

IIIC 1 1 2 0 0 0 1

Percentage of cases Guidelines era 16 62 27 49 14 13 17

Standards era 6 74 17 63 6 17 6

IMN = intramedullary nailing; ORIF = open reduction and internal fixation; AO = AO Foundation; OTA = Orthopaedic Trauma Association

Table 3 Method of definitive soft-tissue cover for given Gustilo–Anderson grades of fracture

Closed SSG Local muscle Fascio-cutaneous Free tissue transfer Amputation

Guidelines era II 1 0 0 0 0 0

IIIA 2 3 0 1 0 0

IIIB 0 21 12 14 7 2

IIIC 0 0 0 0 0 1

Standards era II 5 0 1 1 0 0

IIIA 3 4 1 0 0 0

IIIB 1 0 6 4 5 1

IIIC 0 0 1 0 0 2

Percentage of cases Guidelines era 5 38 19 24 11 5

Standards era 26 11 26 14 14 9

Closed = immediate or delayed primary closure; SSG, split-skin graft
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the Guidelines era, two of which were carried out for type-
IIIB injuries and one for the sole type-IIIC injury. There
were three type-IIIC injuries in the Standards era, one of
which was reconstructed and two of which were amputated.
A further amputation was required for one type-IIIB injury

in which free tissue transfer failed, giving a prevalence of
amputation of 9%.

The Standards-era DAP group required significantly
fewer operations at 30 days and 12 months compared with
the corresponding TP group (Mann–Whitney U-test (two

DAP

Number
of

procedures
<30 days of

injury

Guidelines era
N = 28

Standards era
N = 8

Guidelines era
N = 32

Standards era
N = 27

8

p = 0.04

p = 0.02

6

4

2

TP

Figure 1 Operations within the first 30 days following injury comparing Directly Admitted and Transferred Patients between the Guide
Lines & Standards Eras. P values – Mann-Whitney U test (Two sided).

DAP OPP

Number
of

procedures
<30 days of

injury

Guidelines era
N = 28

Standards era
N = 15

Guidelines era
N = 32

Standards era
N = 20

8

p = 0.036

p = 0.004

6

4

2

TP TASP

Figure 2 Operations within the first 30 days following injury comparing Ortho-Plastic and Transferred After Surgery Patient groups. P val-
ues – Mann-Whitney U test (Two sided).
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sided), p=0.02 and p=0.05, respectively; Figure 1 and 3).
Similarly, they also required significantly fewer operations
at 30 days than the Guidelines-era DAP group (Mann–
Whitney U-test (two sided), p=0.04).

The OPP group required significantly fewer operations
at 30 days and 12 months compared with the TASP and

Guidelines DAP group (Mann–Whitney U-test OPP vs TASP
(two sided), p=0.0042 and p=0.0098 and OPP vs DAP
p=0.036 and p=0.04, respectively; Figures 2 and 4).

Most DAP and OPP cases in the Standards era were treated
with two or fewer procedures (88% and 80%, respectively).
This parameter was significant compared with TP, TASP and

DAP

Number
of

procedures
<12 months of

injury

Guidelines era
N = 28

Standards era
N = 8

Guidelines era
N = 32

Standards era
N = 27

9

8

6

4

2

TP

p = 0.06

p = 0.05

Figure 3 Operations within the first year following injury comparing Directly Admitted and Transferred Patients between the Guide Lines
& Standards Eras. P values – Mann-Whitney U test (Two sided).

DAP OPP TP

Number
of

procedures
<12 months

of injury

Guidelines era
N = 28

Standards era
N = 15

Guidelines era
N = 32

Standards era
N = 20

9

8

6

4

2

TASP

p = 0.01

p = 0.04

Figure 4 Operations within the first year following injury comparing Ortho-Plastic and Transferred After Surgery Patient groups. P values
– Mann-Whitney U test (Two sided).
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DAP groups in Guidelines-era patients (Standards DAP vs TP,
Fisher’s exact test (two sided by summation), p=0.04; OPP vs
TASP, Yates-corrected �²=8.259822, p=0.0041; OPP vs Guide-
lines DAP, Yates-corrected �²= 5.217927, p=0.0224; Table 4).

In total, the TASP group required one additional proce-
dure compared with the total number of procedures
required by the DAP and OPP groups combined. When
accounting for procedures carried out elsewhere, the mean
number of procedures undertaken within the orthoplastic
unit was 2.45 for DAP and OPP groups combined, and 2.46
for the TASP group, regardless of how many procedures
had been carried out at the admitting centre (mean num-
ber of procedures before transfer = 1.23). For a small (but
significant) proportion of patients, such surgery may be
vital (eg if re-vascularisation of compartment decompres-
sion is required). It appears that the surgical burden for
the orthoplastic unit was constant between the two groups
(TASP vs DAP and OPP combined) but the burden was
increased in patients who underwent surgery before trans-
fer. Whether this is phenomenon was due solely to factors
related to injury and surgical debridement, or the result of
the orthoplastic team requiring more detailed assessment
of wounds after transfer, is not clear.

Discussion

Since the publication of the BOA/BAPRAS Standards, the
mean number of cases of open fractures of the lower limb
managed at Morriston Hospital (an orthoplastic centre) has
increased, thereby trebling the number of open tibial frac-
tures transferred into the unit.4 One of the principal aims
of the Standards was to improve the consistency of care
provided to this group of patients. Experience has shown
that adherence to previously published guidance is incon-
sistent, with a higher prevalence of revisions of fracture
fixation and wound-healing problems encountered in
patients who undergo surgery before transfer for ortho-
plastic input.3,9 Thoroughness of debridement, rather than
performance within a 6-hour window from injury, has
increasingly been recognised as being paramount.

With the notable exceptions of gross contamination (with
marine, farmyard or sewage material), compartment syn-
drome, or vascular injury requiring repair, hot transfer to an
orthoplastic unit before surgery is now recommended.4

Development of combined surgical teams was posited
by Godina, and has been implemented worldwide.10–13 In

England, initiation of ‘trauma networks’ has changed pat-
terns of referral/transfer in response to designation of
trauma centres, with workloads increasing correspond-
ingly.14 The orthoplastic unit within the Morriston Hospital
does not function in an established trauma network but has
a long-established tertiary referral role as a trauma unit
with specialist services. Publication of the Standards has
reshaped practice in a manner that demands considerable
re-organisation.

In 2011, only six hot transfers were achieved out of 24
potential patients. Of the remaining TP-group patients, two
required vascular reconstruction of grade-IIIC injuries, and
another underwent fasciotomy and provisional debride-
ment for acute compartment syndrome. The latter patient
was transferred and underwent definitive orthoplastic
reconstruction within 24 hours of the original injury, with
IMN of tibial and femoral fractures as well as local cover-
age of the muscle flap in the open tibial fracture. The
remaining 75% of the TP group may have benefited from
earlier transfer in terms of having to endure fewer surgical
procedures.

Our study had limitations. There was a stark difference in
the prevalence of injuries ascribed the Gustilo–Anderson
type-IIIB classification between Guidelines and Standards
eras. The Gustilo–Anderson classification is relatively simple
and its use has become almost universal. Nevertheless, stud-
ies have highlighted its shortcomings, particularly in relation
to the wide range of surgical reconstruction that may be
required to deal with type-IIIB injuries.12,13 Indeed, injuries
ascribed this classification were the majority of cases in the
Guidelines-era cohort, accounting for 54/67 cases. The fact
that 21 (39%) of these cases were treated with SSG alone
strongly suggests that these injuries were misclassified even
though classification was done after debridement. Recon-
structive procedures required for the Standards cohort are
more in keeping with the type-IIIB classification. No attempt
has been made to re-classify these cases retrospectively
because the accepted method is to classify after debridement.
However, an argument could be made for a classification sys-
tem of open fractures that determines whether the bone and
soft-tissue injuries are ‘simple’ or ‘complex’, respectively, and
then is refined in the light of final management.

In addition, data were collected only for transferred
patients in whom the initial surgical team felt a specialist
orthopaedic or plastic-surgical opinion was warranted. Sev-
eral patients could probably have been cared for without
input from the orthoplastic team. Consequently, the trans-
ferred patients received in this orthoplastic service may
have represented a skewed sample of the overall popula-
tion treated across this region. Injuries perceived to be
more severe may have been more likely to be referred,
and assessment of the injury framed consistently in terms
of the Gustilo–Anderson classification, application of which
is not without potential flaws.

The OPP group appeared to have benefitted most from
early combined orthoplastic care, requiring significantly
fewer procedures than TASP or DAP groups. A combined sur-
gical team undertaking the first debridement may have
allowed the wound to be managed more confidently than if

Table 4 Percentage of patients managed successfully with
1 or 2 operations within 12 months of injury

Guidelines (2006–2009) Standards (2011)

DAP 61% 88%

TP 41% 39%

OPP 80%

TASP 29%
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initial surgery had been undertaken elsewhere. Thus, plan-
ning and execution of definitive treatment was accomplished
more expeditiously. Increasing the proportion of hot transfers
would decrease the total number of procedures required.
However, the burden would shift from semi-elective second-
look surgery to time-dependent first debridement and frac-
ture stabilisation. Ensuring access to the operating theatre
with appropriately skilled surgeons seven days a week to
maintain the required level of performance should be achiev-
able, but would require resourcing and planning.

Conclusions

Publication of Standards intended to improve the care of
patients requiring transfer to an orthoplastic unit has, to
date, yielded the greatest benefits to those admitted directly
from the scene of injury. However, similar benefits can be
conferred to those transferred rapidly before surgery under-
taken elsewhere. However, accurate assessment of open
fractures will always be needed to ascertain if immediate
limb-saving interventions (eg fasciotomy, re-vascularisa-
tion) are required.

We have intentionally taken a narrow view of the surgical
activity of a single orthoplastic unit in terms of the surgical
care delivered and endured by patients. Research to exam-
ine health-service utilisation before and after open tibial
fractures is ongoing, and we wish to develop a ‘recovery
scale’ to quantify the prevalence and extent of recovery in
patients sustaining these potentially life-changing injuries.
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