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Abstract

Introduction Although bone transport is generally accepted as the gold standard for the treatment of segmental septic bone
defects, some aspects of its practical application are still open to debate. We present our results in this field and compare
them with the series published so far.

Material and methods We reviewed all our patients (2010-2018) that underwent a bone transport procedure in the lower
limb due to a septic bone defect. We calculated the bone healing index (BHI), the external fixation index (EFI), the rate of
complications and the clinical results. We statistically compared our results with 63 publications with a similar scope.
Results Thirty-five patients (30 M/5F) with a mean age of 40 years and a mean follow-up of 45 months were included. Bone
segment was 24 T/11F and mean defect was 8.4 cm (7.34 T/ 10.73F). Mean global BHI was 45.62 days/cm (48.16 T/40.09F).
Mean EFI was 2.37 months/cm. Results were excellent in 9 patients, good in 23 and bad in 3. Bone graft was used in 60%
of the cases.

Discussion The size of our series is similar to previously published ones, although the mean age of our patients is higher
and they present a larger bone defect. BHI of our series is similar to that of other series, although EFI is significantly higher.
The number of complications is also in line with the existing literature.

Conclusion The use of a two-stage technique for managing segmental bone defects of septic origin in the lower extremity
is a valid alternative. Our series shows results comparable to the current literature.
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Introduction

The treatment of segmental bone defects of septic origin is

a real therapeutic challenge that benefits from the existence
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distraction, as well as the simultaneous adaptation of the
surrounding soft tissues. [3—5]. Unlike other methods, these
techniques can simultaneously address problems of limb
asymmetry, deformities, joint contractures and even soft
tissue defects.

From the first work of Codivilla [6] on bone lengthening
in 1905, the technique has progressively evolved. Gavriil
Ilizarov made a qualitative leap with the invention of his
external fixator and the standardization of the osteogenesis
process. His works laid the physiological and mechanical
bases that govern the generation of new bone when faced
with an adequate stress stimulus [7, 8].

The technique is well known, but it is not without risks [9,
10]. Some of the most common are intolerance or infection
from fixator needles and screws, the appearance of stiffness
caused by muscle transfixion, breaks in the synthetic mate-
rial, axial deviations, neurological or vascular lesions, pre-
mature or late consolidation of the callus and the non-union
of the docking point. The most frequent late complications
are loss of length, the appearance of late deformities and
re-fractures.

The quality of the regeneration depends on a huge num-
ber of factors [10, 11]. Among them, we can mention the
intrinsic characteristics of the host and local factors of the
affected limb, as well as the stability of the external fixation
or technical aspects of the procedure, such as the type of
osteotomy, its location, respect for soft tissues, the latency
period, the rate and speed of distraction or the dynamiza-
tion of the regenerate, as well as the mechanical load on
said extremity.

They are long treatments, so in the recent literature, there
are numerous studies that propose therapeutic strategies that
can reduce them. The main key factor affecting therapeutic
times is the consolidation of the docking point [12].

The objective of our study is to present and compare our
results in the management of segmental bone defects of sep-
tic origin of the femur and tibia by distraction osteogenesis
with the series published so far, as well as to present our
docking point management protocol.

Material and method

A retrospective review of the database of our hospital was
conducted to identify all patients who underwent a bone
transport procedure in the lower limb between 1 January
2010 and 31 December 2018 because of a segmental bone
defect of septic origin. All of them were operated by the staff
of the Septic Unit (C.S.C, J.M.G. and J.M.R.).

The inclusion criteria were as follows:

e Patients treated by the adult hospital unit, older than
12 years.
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e Segmental bone defects of septic origin in the femur or
tibia greater than 3 cm that required treatment by distrac-
tion osteogenesis.

e Minimum follow-up of 12 months after the end of the
treatment period.

Patients with follow-up of less than 12 months or incom-
plete follow-ups after surgery, those with bone defects due to
tumours or congenital defects, and paediatric patients were
excluded. Our hospital has an accredited national reference
unit since 2010 for the treatment of resistant osteoarticular
infection. The study has the approval of the corresponding
ethics committee. In the cases that concern this study, those
of segmental defects of septic origin, a two-stage treatment
protocol is always performed. In the first surgical phase,
the main objective is to eradicate the infection by extract-
ing the osteosynthesis material, radical debridement of the
devitalized bone tissue and the rest of the non-viable soft
structures. Surgical ischaemia is not used in a protocolized
manner and is only used in those cases that require a better
visualization and dissection of noble structures at risk to
then remove it and differentiate tissue viability. The devital-
ized bone tissue is resected until obtaining bone surfaces
with haemorrhagic stippling and signs of vitality. Before the
administration of intraoperative antibiotics, at least six sam-
ples were taken for culture and histological study. After the
act of debridement, the surgery is completed by implanting
an external fixation system of monolateral (LRS Advanced,
Orthofix Srl, Verona, Italy), circular (TrueLok and True-
LokHex, Orthofix Srl, Verona, Italy) bone reconstruction.
In some cases, due to the characteristics of the case, hybrid
assemblies are performed with both systems. Whenever
screws were used in the fixation, they had a hydroxyapatite
coating (XCaliber screws, Orthofix Srl, Verona, Italy). After
resection, the residual bone defect is evaluated, and a cement
spacer enriched with antibiotic is placed for the management
of the third space. During this first postoperative period, sys-
temic antibiotic treatment is administered under the indica-
tion of the Infectious Diseases Unit, usually for a minimum
of 6 weeks, although it was personalized in each case.

By protocol and for security, we wait 12 weeks before
performing the second surgical stage. In that operation,
after clinical and analytical resolution of the infection, the
spacer is removed, and new debridement and sampling is
performed. Next, an osteotomy is performed, which can be
proximal to the bone defect (anterograde transport) or distal
to it (retrograde transport). The osteotomy technique per-
formed in all cases was the “De Bastiani” or “multi-drill”
technique. After a small longitudinal skin incision, the
periosteum is sectioned with a scalpel and raised bluntly
with an osteotome. Multiple perforations are made in dif-
ferent planes from the point of entry until all cortical cells
are weakened with a 4.8-mm drill bit to finally connect the
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perforations with an osteotome and complete the osteotomy
while maintaining the integrity of the periosteum.

Follow-up and distraction protocol

After the second surgical act, all patients were discharged
from the hospital on the second or third postoperative day
after explaining the correct care of the external fixator. Limb
mobility was allowed from the first moment, as well as grad-
ual partial load. The distraction phase in the osteotomy cen-
tre began between the seventh and tenth postoperative days.
It was performed at a rate of 1 mm per day (0.25 mm every
6 h), with adjustments depending on the quality of bone
regeneration. Once the bone segment completed the bone
transport, it was continued at a rate of 0.5 mm/day to achieve
complete compression contact for 7-10 days, except in those
cases in which there was “navigation error”, in which it was
decided to perform surgery to achieve complete coaptation
and seize the opportunity to provide a graft. However, this
part of the protocol has been recently modified. Currently,
we prefer to perform a graft contribution at the docking point
unless we have a 100% coaptation in the metaphyseal region
and with good quality of the local soft tissue. This variation
of the protocol affected the last eight cases.

The patients were called to follow-up every two or three
weeks, where they underwent clinical and radiological exam-
inations to detect any common problem or complication, and
the appropriate treatment was administered according to the
needs of each case. The screw insertion points were assessed
at each visit and treated when necessary. When the bone cal-
lus seemed mature radiologically, the dynamization phase
was initiated using a DynaRing (Orthofix Srl, Verona, Italy)
in the cases of monolateral fixator to favour bone consolida-
tion. Once consolidation was achieved, the external fixator
was removed, and physiotherapy was continued.

Definition of results

The bone healing index (BHI) was obtained by dividing the
total treatment time (in days) by the total amount of elonga-
tion achieved (in centimetres). It gives us an expression of
the number of days of treatment required for each elongated
centimetre, from the beginning of the distraction until bone
regeneration is achieved with three of the four mature corti-
cal layers in two orthogonal radiographic projections.

The external fixation index (EFI) was obtained by divid-
ing the total time with the fixator (in months) by the size of
the bone transport (in centimetres). It gives us an expression
of the number of days with the fixative required for each
elongated centimetre.

The clinical results were assessed at follow-up using
the criteria described by Cattaneo et al. [1]), who use
three parameters for the evaluation: consolidation (no

consolidation [UOQ] or solid consolidation [U1]), infection
(without variations [I0], minimal persistent drainage [I1],
complete clinical remission [I2]) and function (disability
[FO], capable of performing all activities of daily life [F1],
complete recovery [F2]).

The complications related to the fixation screws or nee-
dles were classified into four types, as described by Marsh
etal. [13]: Type A, those that were resolved with local care
or oral antibiotics, or after the planned removal of the fixa-
tive; Type B, those that required surgical intervention to
establish new fixation elements; Type C, those that required
removal of the external fixator before complete consolida-
tion; Type D, which progressed to chronic osteomyelitis.

Statistical analysis

The data are summarized using arithmetic means and per-
centages. The dispersion is evaluated through the 95% con-
fidence interval, and the comparisons between our series
and the mean values found in the literature were carried out
through parametric tests (Student’s t test for unpaired data
in the case of the quantitative variables and Pearson’s chi-
square for the qualitative variables). The level of significance
was established for p values below 0.05. All calculations
were performed using Stata v.14.0 software (StataCorp,
Lakeway Dr College Station, USA).

Comparison with other studies

To analyse whether our results are in line with those of other
similar publications, we have taken 62 studies collected in
the two most recent meta-analyses published on the use of
osteogenesis by distraction in septic bone defects [14, 15].
Additionally, we have included in the comparison a series
recently published by another reference unit in our country
that follows a treatment methodology very similar to ours
[16]. We compared both the characteristics of the study and
the demographic parameters of the patients and the results
obtained.

Results

The summarized results are included in Table 1 and those
detailed in Table 2. A total of 35 patients were included
in the study, of which 30 were male (85.71%) and 5 were
female (14.29%). The mean age of the series was 40.06 years
(95% CI: 38.95-49.48). The affected segment was the tibia
in 24 cases (68.57%) and the femur in 11 (31.43%). The
mean follow-up was 45.31 months (95% CI: 36.27-54.35).

For the physiological classification of the host, we used
the Cierny—Mader classification [17] and included 3 cases
of type A, 18 of B (L), 11 of B (Ls) and 3 of C.
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Table 1 Descriptive information

Number of patients 35

Male/female ratio 30/5

Age (years) 40.06 (95% CI 38.95-49.48)
Bone segment

Tibia 24 (68.57%)

Femur 11 (31.43%)

45,31 (95% CI 36.27-54.35)
A:3; B(L):18; B(L-s):11; C:3
4.14 (95% C13.36-4.91)

Follow-up (months)
Cierny—Mader classification
Previous surgeries

Origin of the patient
HCUVA

Another hospital

13 (37.14%)

22 (62.85%)

8.40 (95% CI 7.02-9.78)
7.34 (95% CI 6.15-8.51)
10.73 (95% C17.16-14.29)

Defect size (cm)
Tibia

Femur

The average number of previous interventions of the
patients in the series was 4.14 (95% CI 3.36-4.91), with
62.8% (n=22) coming from another hospital and the
remaining 37.2% (n=11) cases from our centre.

The mean bone defect size was 8.40 cm (95% CI
7.02-9.78). By segment, in the case of the tibia, the mean
defect was 7.34 cm (95% CI 6.15-8.51), and in the femur, it
was 10.73 cm (95% CI 7.16-14.29).

Regarding microbiology, the most common findings were
Staphylococcus aureus in 37.14% of cases, Coagulase-neg-
ative staphylococci in 17.14% and isolated cases of other
pathogens (14.29%) in the remaining cases.

Bone consolidation and limb restitution were achieved
in 97.14% (34 patients), but only in one case (2.86%) were
not achieved.

The mean global BHI was 45.62 days/cm (95% CI
42.19-49.06). By segment, the BHI in the tibia was
48.16 days/cm (95% CI 44.13-52.19) and 40.09 days/cm
(95% CI 34.04-46.14) for the femur. Regarding the EF time,
the patients in the series carried the fixative for a mean of
16.69 months (95% CI 15.26-18.11). The mean EFI was
2.37 months/cm (95% CI 2.13-2.61).

Regarding the function, and following the Cattaneo scale
(Table 3), the distribution was 9 (25.71%) with excellent
results, 23 (65.71%) with good results and 3 (8.57%) with
bad results.

Results complications
Following the classification proposed by Marsh for the
evaluation of complications, the most common was infec-

tion of the screw tract resolved with local cures and oral
antibiotics (type A). This event occurred in 60% of patients.
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Complications of type B, requiring modification or removal
of screws, occurred in 11% of patients.

The non-union of the docking point “per primam” was
presented in 21 (60%) patients who required debridement
and graft delivery. However, we must take into account that
in the last 8 patients of the series, the docking point was
systematically protocolized. But if we just consider the 27
patients that were treated following our old protocol, only 13
(48.15%) of them developed problems in the docking site.

No patients had to be re-operated for any other reason.

Results comparative with other studies

The mean values reported by the 62 selected studies, as well
as those of our series, are reflected in Table 4. The results of
the comparison are found in Table 5. The value of our series
versus the kernel distribution of the set of studies considered
is shown in Fig. 1.

The average number of cases in the articles was 24.19
(95% CI 20.96-27.42). Our series presents a significantly
higher number of cases, with 35 patients (p <0.001).

Regarding the distribution of genders, the average of the
articles presents a ratio between men and women of 74.75%
(95% CI 68.40-80.74), which differs significantly from our
ratio of 0.86% (p <0.001). There were also significant dif-
ferences (p <0.001) between our mean age (40.06 years) and
the mean of publications (36.07 years; 95% CI 34.76-37.38).

The mean follow-up of our series (45.31 months) was
significantly higher (p =0.044) than the mean of the studies
considered (38.67 months; 95% CI 32.21-45.14).

The number of previous interventions in the series pre-
sented here is 4.14. This differs significantly (p =0.040)
from the mean of the set of studies, which amounts to 3.56
(95% CI1 3.00-4.11).

There were also differences between the mean size of the
bone defect (p <0.001), which was 8.4 cm in our series and
7.00 cm in the set of studies (95% CI 6.49-7.52).

Regarding the results obtained, our external fixation index
(2.37 months/cm) was somewhat above the average of the
studies considered (1.83 months/cm; 95% CI 1.45-2.20).
The external fixation time, therefore, was also significantly
longer (16.69 months compared to 11.21 months; 95%
CI 9.20-13.21) (p<0.001). The percentage of cases in
which the graft was used at the docking point was different
(p<0.001) between our series (60%) and that of the set of
studies (37.40%; 95% CI1 27.75-47.05). There were also dif-
ferences in the infection rate of the screws (p =0.010), with
0.285 infected screws per patient in our series and 0.74 (95%
CI 0.41-1.08) in the set of studies.
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Table 2 (continued)

s

classifica-

Cattaneo
tion

External fixation
time (months)

(months/

IFE
cm)
2.33

BHI (days/cm)

Follow-up
(months)

Bone graft

Defect size External fixator type
interventions  (cm)

Previous

Bone segment

Cierny—Mader
classification

Id

Springer

Ul 12 F1

14

46

26

No

Circular

Tibia

35

From Cattaneo et al. [1]

Union: UO non-union; Ul solid union

Infection: I0 no changes; I1 persistent minimal drainage; 2 complete clinical remission

Function: FO invalid; F1 daily life activities; F2 complete healing

Table 3 Cattaneo classification

Type N %
Excellent (U1-12-F2) 23 65.71
Good (U1-12-F1 and U1-11-F2) 9 25.71
Fair (U1-11-F1) 0 0.00
Bad (U0-I0-F0) 3 8.57
Discussion

Distraction osteogenesis offers an effective and reproducible
treatment for one of the most difficult problems in trauma:
the resolution of bone defects of septic origin. It was initially
developed by Gavril Ilizarov in Kurgan (Russia) in the 1950s
but became popular in the West in the 1980s after he treated
the Olympic medallist Valery Brummell for pseudoarthrosis
of infected tibia.

The publications regarding the reconstruction of bone
defects of septic origin do not present a very large series
of patients. As shown in the review by Aktuglu et al. [15]
and the meta-analysis of Papakostidis et al. [14], the mean
number of patients was 24 patients per study, with a larger
series such as that of Yin et al. [18] with 66 cases, or shorter,
such as that of Ferreira and Marais [19] with only 7 patients.
Our series includes 35 patients, which is within the range
described. The average age of the patients collected in the
studies selected for comparison is 36.1 years, with ours
being the higher, 48.3, due in large part to the fact that in our
study we included segmental defects secondary to complica-
tions of replacement arthroplasties that needed bone trans-
port to be performed to cover the bone defect and achieve
arthrodesis, which increases the average age.

In our series, we observed an average of 4.14 previous
surgeries, which is slightly higher than that reported in the
literature [14, 15, 20]. Therefore, we believe that we should
reinforce the information to the different health centres and
regional and national institutions as a national reference
centre in reconstructive septic pathology so that they refer
patients with less delay, since this can condition the patient’s
prognosis and outcome.

The average bone defect to be treated that we found in
the literature is 7.00 cm [14, 15, 20]. We observed a mean
of 8.4 cm (7.02-9.78), which is substantially higher and can
affect clinical and functional results.

The quality of the regenerated bone can be objectified
in terms of the external fixation index. In our series, we
observed a bone healing index of 45.62 days/cm (95% CI
42.19-49.06), similar to other series, such as that of Makh-
doom [21] (1.60 £ 0.34 months/cm [1.0-2.5], Lavini [22]
(45.6 days/cm [74.8-26.6]), De Bastiani [23] (38 days/cm)
and Harshwai [24] (1.42 months/cm).
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Table 5 Compared results

HCUVA Pool of studies (n=62) p value
Number of patients 35 24,19 (95% C120.96-27.42) <0.001
Male/female ratio 30/5 (0.86) 0.75 (95% CI 68.40-80.74) <0.001
Age (years) 40.06 (95% CI 38.95-49.48) 36.07 (95% CI 34.76-37.38) <0.001
Follow-up (months) 45,31 (95% C136.27-54.35) 38.67 (95% CI 32.21-45.14) 0.044
Previous surgeries 4.14 (95% CI 3.36-4.91) 3.56 (95% CI 3.00-4.11) 0.040
External fixation index (months/cm) 2.37 1,83 (95% CI 1.45-2.20) <0.001
External fixation time (months) 16.69 11.21 (95% C19.20-13.21) <0.001
Bone graft in docking site (%) 60 37.40 (95% C127.75-47.05) <0.001
Defect size (cm) 8.40 (95% CI 7.02-9.78) 7.00 (95% CI 6.49-7.52) <0.001
Screw infection (infection/patient) 0.285 0.74 (95% CI 0.41-1.08) 0.010

NUMBER OF CASES AGE (YEARS)

wos

BONE DEFECT (CM) IFE (MONTHS/CM)

Fig. 1 Kernel charts for the different values of the set of studies con-
sidered for comparison and the value of our study. a Number of cases;
b age (years); ¢ male/female ratio; d follow-up (months); e previous

Regarding therapeutic times, we observe certain differ-
ences with what is established in the literature. We observed
a longer external fixation time and external fixation index
with respect to those collected in the articles considered.
We justify this increase in that in our treatment protocol,
we systematically use two-stage management. An initial
surgery in which the objective is to eradicate all non-viable
tissue and provide satisfactory coverage of parts and skin by
managing the third space with cement spacer enriched with
antibiotic. In the second surgical stage, after being sure that
we have managed to eradicate the infection, the objective is
to restore bone integrity through distraction osteogenesis.
Other authors do not do so systematically [25, 26]. For us,
it is easier and more reproducible within the ortho-plastic
management strategy in these severe bone and soft tissue
injuries.

The main key factor affecting therapeutic times is the
consolidation of the docking point, which is why it is cur-
rently recognized as one of the points on which to act to opti-
mize the treatment time. The consolidation of the docking

MALE-FEMALE RATIO

EXTERNAL FIXATION TIME (MONTHS)

FoLLOW UP (MONTHS) PREVIOUS INTERVENTIONS

®

BONE GRAFT (%) PIN INFECTION (N/PATIENT)

xdoosty bone_ran_porcertage
4 i

interventions; f bone defect (cm); g EFI (months/cm); h external
fixation time (months); i bone graft (%); j pin infection (number for
patients)

point is affected by many factors, such as the severity of the
injury, the initial infection, the length of the bone defect or
the interposition of soft tissues. In our series, we achieved
the final consolidation of the docking point in 97.14% of the
cases (n=34), but 60% of the patients required additional
debridement and graft surgery (n=21).

The rate of non-union at the docking point varies from
0 to 83% according to different studies [27, 28]. The con-
tribution of graft is collected in the literature as something
“dogmatic” that goes from never to always [15, 29]. The
group of Giotakis et al. [28] published in 2007 its protocol of
action on the docking point based on the area of coaptation
of bone surfaces. If there is a good coaptation of surfaces,
they recommend performing closed techniques, either sim-
ple compression or the accordion technique in those cases in
which no signs of consolidation are observed after 3 months.
On the other hand, for those cases that fail with the above or
that initially present poor bone coaptation, open debridement
of surfaces and spinal recanalization followed by compres-
sion are recommended, providing graft only in those cases
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in which the coaptation of surfaces is deficient. The group
of Tetsworth et al. [30], published in 2017, given the poorly
reproducible results of closed techniques, have incorporated
into their protocol of bone transport treatment the systematic
grafting of the docking site to make the consolidation more
reproducible and fast. This strategy is controversial, find-
ing support [31] and voices against it [27] in the literature.
We have updated our action protocol and hope to present
clarifying results in a while. We base it on the percentage of
coaptation of bone surfaces, the state of local soft tissues,
the characteristics of the host according to Cierny’s classifi-
cation [17] and the remaining months of maturation of bone
regeneration (Fig. 2). Currently, we only give an opportu-
nity for consolidation by simple compression or accordion
technique if we have a bone coaptation close to 100%, with

a good state of local soft tissues, on a type A individual and
who have more than 5 months of maturation of the regener-
ated bone. (For example, in bone transports above 5 or 6 cm
in which, taking as a reference a bone consolidation index of
45 days per cm, there are more than 5 months of treatment
remaining and, therefore, waiting 3 months of consolidation
of the docking point does not imply additional delay time
in the removal of the fixative.) Our protocol is summarized
in Fig. 3.

Another strategy on the docking point to reduce thera-
peutic times is acute shortening followed by lengthening. In
this way, it is theoretically possible to convert the docking
point into a focus of fracture in biological, biomechanical
and consolidation terms (with the obvious limitations of
not shortening more than 3-5 cm, so as not to compromise

Fig.2 Bone transport in a case of osteosynthesis infection in the distal femur. After resection, a spacer with antibiotics was used to treat the
infection. The limb was stabilized by a hybrid fixator assembly. Finally, bone transport was performed in the proximal region of the femur
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Fig. 3 Protocol of action on the
docking point of our hospital

[ DOCKING SITE ]

l

‘ HIGH COAPTATION AND BONE ’

CONTACT?

YES NO

TYPE AHOST
GOOD SOFT TISSUE COVERING

BONE REGENERATE MATURING
TIME OVER 5 MONTHS

3MONTHS
METAPHYSODIAPHYSEAL AREA J/—l—l

ANYNO BONE GRAFT AND MAXIMAL

OPEN APPROACH, DEBRIDEMENT,
COAPTATION

ALL YES NON UNION ] [ HEALING ]

[ SIMPLE COMPRESSION ]

| 3MONTHS

l

l

[ HEALING ]

[ NON UNION ]

|

Each case should be considererd individually
It is essential to optimize soft tissues condition

vascularization). The Tetsworth group [30] observed that in
their acute shortening group, they presented 38% non-union.
They justify this by explaining that, although this strategy
attempts to imitate the healing pattern of a fracture, the bone
and soft tissue injury far exceeds the damage threshold of
a fracture. Therefore, they propose that, to optimize the
results, grafting can also be provided, especially in cases that
affect diaphyseal-diaphyseal junction points. In the same
way, Wen et al. [12] conclude in their 2020 meta-analysis
that acute compression strategies, followed by lengthening,
improve bone transport times but, in turn, require graft deliv-
ery more frequently.

Our study has the inherent limitations of all prospective
studies, such as the need to rely on clinical notes. Although
both the number of cases and the extent of follow-up are
limited, they are perfectly comparable to other published
studies, presumably due to the unusual nature of bone recon-
structive techniques. Therefore, our results, although compa-
rable to others published in the literature, should be viewed
with reserve, pending further studies.

Conclusions

The use of a two-stage technique that includes the manage-
ment of the infection, followed by bone transport by distrac-
tion osteogenesis, is a valid alternative for the resolution of
segmental bone defects of septic origin in the lower extrem-
ity. Our series presents results comparable to the current
literature.
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