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Background: The treatment of infected nonunion requires radical debridement with stable fixation. Sever
soft tissue compromise of the nonunion site might interfere with radical debridement. This study dis-
cussed the outcome of treatment of infected tibial nonunion with sever soft tissue compromise by a cyclic
compression distraction technique using Ilizarov without radical debridement.

Methods: This study comprised 17 patients with unilateral infected tibial nonunion; 10 with diaphyseal
and 7 with metaphysial locations.Their mean age was 21.9 years. There were 12 males and 5 females. The
right side was affected in 11 patients and the left side in 6 patients. According toGustilo and Anderson
classification, all patients were grade IIl. The mean limb shortening was 1.3 cm. All patients were treated
initially in another institute by uniplanner external fixator with rotational skin flap done in 11 patients
and thiersch graft in 6 patients. One patient had common peroneal nerve affection. Distal circulation
was sufficient in all patients. None of our patients had chronic diseases. Two to three cycles of gradual
distraction compression were done. Each cycle consisted of distraction, followed by compression, then
distraction, and lastly compression. The mean follow up period was 29.35 months.

Results: Union was achieved in all patients at a mean time of 23.9 weeks. According to Hammer et al.;
there were 8 patients with grade 1, and 9 patients with grade 2. According to Johner and Wruhs’ criteria;
the outcome was excellent in 6 patients, goodin 3 patients, poor in 4 patients, and fair in 4 patients.
Complications had occurred as pin tract infection (47.1%), persistent discharging sinus (5.9%), and valgus
ankle deformity (11.8%). Refracture did not occur in any case till the final follow up.

Conclusion: Although debridement is essential in the treatment of infected tibial nonunion, it could harm
the limb in severe soft tissue compromise. Cyclic compression distraction by Ilizarov had a satisfactory
outcome in the treatment of such cases through enhancement of a biological environment to achieve
union.

Level of evidence: IV; prospective case series.
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1. Introduction

The treatment of infected nonunion of long bones is still a
challenge in orthopedic surgery. There is a consensus that radical
debridement of the necrotic bone and infected soft tissue with sta-
ble external fixation is mandatory for management of such complex
problem [1].

Infected nonunion is considered a multifactorial problem that
needs biological and mechanical treatment to address bony union,
scared soft tissue, eradication of infection, correction of concomi-
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tant deformity and shortening [2]. Several alternatives had been
used to treat infected nonunion of long bones, including mas-
sive debridement with skin rotational flap, Papineau technique,
Masquelet or biological membrane technique with cancellous bone
graft, tibio fibular synostosis or bone transport using external fix-
ator [3,4]. The soft tissue coverage is a hallmark in treatment of
infected nonunion, as sever soft tissue compromise at the site of
nonunion might interfere with open radical debridement of the
infected site, and would change the surgeon’s decision in treatment
of such cases [4].

The Ilizarov fixator and methods have been successfully used to
manage infected nonunion by providing mechanical stability and
biological enhancement through corticotomy and bone transport
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Table 1 3
The patientsdemographics.
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Patient No Age (y) Gender Side Site Gustilo Mechanism of Associated Previous TTT Interval between
Classification Injury injuries Trauma&Surgery
(w)
1 14 M RT M 1B MCA UEF+RSF 17
2 16 F RT D 1A MCA UEF+TG 25
3 13 M RT D 1B MCA UEF+RSF 20
4 20 M LT D A MCA UEF+TG 26
5 33 F LT M 1B MCA Common peroneal nerve UEF+TG 19
6 22 M LT D 1B MCA UEF+RSF 18
7 27 F RT M 1B MCA UEF+RSF 22
8 25 M RT M A MCA UEF+RSF 21
9 21 M RT D 1A MCA UEF+RSF 20
10 19 M RT D IIc MCA Posterior tibial artery UEF+TG 33
11 31 F RT D 1B MCA UEF+RSF 18
12 20 M LT M 1A MCA UEF+TG 25
13 19 M LT D 1A MCA UEF+RSF 27
14 20 M RT D 1B MCA UEF+TG 26
15 22 M RT M 1B MCA UEF+RSF 23
16 24 M LT M 1B MCA UEF+RSF 20
17 26 F RT D 1B MCA UEF+RSF 20

No: number; Y: year; M: male; F: female; RT: right; LT: left; M: metaphysis; D: diaphysis; MCA: motor car accident; TTT: treatment; UEF: uniplanner external fixator; RSF:

rotational skin flap; TG: thiersch graft; w: weeks.

or through compression distraction that provides new angiogenesis
through distraction and osteogenesis by compression [5,6].

Most recent publications focused on radical debridement as
a key for successful treatment of infected nonunion with sub-
sequent corticotomy and bone transport [7-9]. Our hypothesis
is that radical debridement is not mandatory in management
of infected nonunion. The purpose of this study is to present
the outcome of treatment of infected nonunion of the tibia with
sever soft tissue compromise by a cyclic compression distrac-
tion technique using Ilizarov external fixator without open radical
debridement.

2. Materials and methods

Between March 2013 and August 2016; 17 patients with
infected nonunion fracture tibia were enrolled in the current
study. Inclusion criteria included infected tibial non union with
soft tissue compromise that hinders the ability of open surgical
debridement of the nonunion site. Patients with aseptic nonunion,
or tibial shortening more than 5cm were excluded from this
study.

The nonunion was diagnosed when the fracture failed to
progress to union or has little or no potential for further healing
without additional intervention, six months has to be achieved
before consider a failed union [10]. All patients were diagnosed
infected due to prescence of a drainage sinus.

The mean age of the patients at the time of presentation was 21.9
years (range:13-33).There were 12 males (70.5%) and 5 females
(29.5%). The right side was affected in 11 patients (64.7%) and the
left side in 6 patients (35.3%). In all patients, the initial injury was
due to motor car accident resulting in open fracture tibia with 10
patients (58.8%) with diaphyseal location and 7 patients (41.2%)
with metaphysical location. According to Gustilo and Anderson
classification[5] for open fracture, there were 6 patients (35.3%)
with grade IIIA,10 patients (58.8%) with grade I1IB, and one patient
(5.9%) with grade IIIC at the time of initial trauma. All male patients
were smokers.

All patients were treated initially by uniplanner external fixator
with rotational skin flap done in 11 patients (64.7%) and thier-
sch graft in the other 6 patients (35.3%)., and received antibiotics
according to culture and senstivity All these procedures were done

in other hospitals before referral to our center with persistent infec-
tion and nonunion. The mean time interval between the initial
injury and the definitive surgery was 22.35 weeks (range: 17-33).

The mean limb shortening was 1.3 cm (Range:0-3). One patient
had common peroneal nerve affection dating since the initial
trauma and persists till presentation to our institute. Elec-
tromyography studies showed that the injury was neurotemesis
with no signs of regeneration. Table 1 demonstrates detailed
patientsaemographics and clinical data. The study was approved by
the ethical institute and all patient have signed informed consent.

2.1. Surgical technique

Under regional anesthesia, patients were positioned supine with
the affected limb draped as usual without use of the tourniquet.
The site of draining sinus was covered with sterile dressing. The
drainage sinus was not approached at all. Swab was taken after
draping from the draining sinus for bacteriological stains, culture
and sensitivity tests.

Under image control, Ilizarov external fixator was applied; two
complete rings above and two below the nonunion site, wires were
tensioned up to 120-130 kg. The site of nonunion was acutely com-
pressed intraoperatively with no open debridement done.

2.2. Post-operative care

Immediate postoperative neurovascular examination, and plain
X-rays of the affected leg including knee and ankle joints were
performed to confirm compression of the nonunion site. All the
patients were instructed to start weight bearing on the affected
limb, and ROM exercises of knee and ankle joints as tolerated. The
patients were discharged from the hospital after a mean of 4.58
days postoperatively (range:4-5).

One week postoperative, cyclic distraction compression was
done (Fig. 1). Each cycle consisted of four phases; gradual distrac-
tion (1st phase), followed by gradual compression (2nd phase), then
gradual distraction (3rd phase), and lastly gradual compression (4th
phase). Each phase was done by turning the nuts by a rate of 0.5 mm
every 12 hours for 4 days. Plain x-ray was obtained after the end of
each phase. All patients underwent 2 repeated cycles; with one-
week interval. Only 2 patients (11.8%) needed an additional 3rd
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Fig. 1. A. Plane X-ray antero-posterior view shows cycle of distraction. B. Plane X-ray Antero-posterior view shows the cycle of compression.

cycle one month after the 2nd cycleas there were no radiographic
signs of union. After the last cycle, compression was done till com-
plete bony apposition was reached. All the patients had been taught
how to do gradual distraction and compression though the nuts that
were marked with a red colour.

Patients were followed in the clinic every 2 weeks to check the
union progress clinically and radiologically. Antibiotics were given
according to results of culture and sensitivity for at least 6 weeks
and till CRP drop to normal and sinuses close under supervision of
infection disease team.

Radiological assessment of callus formation was evaluated
according to Hammer et al. [11] (Table 2). After union, the Ilizarov
fixator was dynamized by gradually removing the connecting rods
between the fracture rings; one every day. The fixator was then
removed under general anesthesia without pop.cast application
because of bad soft tissue conditions. The patients were instructed
to wear a removable leg brace for the next three months.

At final follow up, clinical and radiological outcomes were eval-
uated using Johner and Wruhs’ criteria [12](Table 3). Statistical
analysis was done using IBM SPSS Statistics for Windows, Version
22.0 (IBM Corp., Armonk, NY, USA).

3. Results

The mean follow up period was 29.35 months (range:
24-38). During compression distraction cycles, all patients noticed
increased in the amount of discharge from the sinus in the 1st three
weeks, and then the discharge became less in amount over two
weeks before its disappearance after 5 to 8weeks. Also, 10 patients
noticed that small fragments of necrotic bones came out of the sinus
before its closure.

Union was achieved in all patients at a mean time of 23.9 weeks
(range: 20-30).According to Hammer et al. [11] grading of radio-
logical callus formation, there were 8 patients (47.1%)with grade 1,
and 9 patients (52.9%)with grade 2.

According to Johner and Wruhs’ criteria [12], there were 6
patients (35.3%) with excellent outcome, 3 patients (17.7%) with
good outcome, 4 patients (23.5%) with poor outcome, and 4 patients
(23.5%) with fair outcome.

Pin tract infectionoccurred in 8 patients (47.1%) that were
improved with oral antibiotics and pins care. Persistent discharging
sinus was present in one patient (5.9%) who refused any addi-
tional procedures. Valgus ankle deformity was present in 2 patients
(11.8%); one with 11.8° and the other with 8°. Refracture did not
occur in any case till the final follow up. Table 4 outlines the out-
come of the patients and their complications.

4. Discussion

Open fracture is considered the most common cause of the
infected nonunion. The tibia is the most common bone involved in
infected nonunion in association with openfractures and implant
surgeries [2]. Since nineties of the last century, Ilizarov external
fixator have gained popularity to became the method of choice
in management of infected non union of the tibia with very good
results [13].

Although the Ilizarov techniques involve compression, com-
pression distraction, or bone transport [5,14], most series uses
bone transport with very few are publishing the results of com-
pression distraction. That may be due to the common practice of
radical debridement among orthopedic surgeons inspite of Ilizarov
statement that “infection burns in the flame of regeneration” [15].
Radical debridement resulted in large bone defects that render
acute shortening with scarred soft tissue impossible, and longer
times of bone transport and the need of second surgery to bone graft
the docking site is common. Moreover, some cases with scared and
very poor soft tissue are better treated by less invasive techniques
and avoid open radical debridement

In the current series,we treated 17 patients with infected
nonunion tibia by cyclic compression distraction using Ilizarov cir-
cular external fixator without debridement (bloodless technique).
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Table 2
Hammer et al. [11] classification of fracture healing.
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Grade Callus formation Fracture Line Stage of Union
1 Homogeneous bone structure Obliterated Achieved
2 Massive bone trabeculae crossing the fracture line Barely discernible Achieved
3 Apparent Bridging of fracture line Discernible Uncertain
4 Trace No bridging of the fracture line Distinct Not achieved
5 No callus formation Distinct Not achieved
Table 3
Johner and Wruhs’s criteria [12] for clinical and radiological outcome.
Parameter Excellent Good Poor Fair
Nonunion, osteomyelitis, amputation None None None Yes
Neurovascular disturbances None Minimal Moderate Severe
Deformity
Varus/valgus(®) None 2-5 6-10 010
Anteversion/recurvation(®) 0-5 6-10 11-20 020
Rotation (°) 0-5 6-10 11-20 020
Shortening (mm) 0-5 6-10 11-20 020
Mobility (*)
Knee Normal 080 075 <75
Ankle Normal 075 050 <50
Subtalar 75 050 <50
Pain None Occasional Moderate Severe
Gait Normal Normal Insignificant limp Significant
Limp
Strenuous activity Possible Limited Severely limited Impossible
Table 4
The patients’ outcome.
Patient No  No of Cycles Shortening Union Time to union Hammer et al. Outcome (Johner  Complications Follow up (m)
(cm) achievement (w) grade and Wruhs’s)
1 2 2.6 Yes 20 2 Fair Valgus ankle 11° 26
2 2 0.5 Yes 25 1 Excellent 29
3 2 0 Yes 30 2 Excellent PTI 33
4 2 2 Yes 22 1 Poor PTI 35
5 2 0 Yes 21 2 Excellent PTI 38
6 2 1.8 Yes 27 1 Poor 36
7 2 0 Yes 26 2 Excellent PTI 26
8 2 0 Yes 25 2 Excellent PTI 25
9 2 29 Yes 27 1 Fair PTI 30
10 2 3 Yes 21 2 Fair Discharging sinus 28
Valgus ankle 8°
11 2 2.5 Yes 20 1 Fair 31
12 2 1.5 Yes 22 1 Poor 24
13 2 1 Yes 26 1 Good 30
14 3 1 Yes 24 2 Good PTI 28
15 3 0.5 Yes 22 2 Excellent PTI 25
16 2 0.8 Yes 24 1 Good 27
17 2 2 Yes 24 2 Poor 28

No: number; cm; centimeter; w: weeks; PTI: pin tract infection; m: months.

there was a special situation; where there was infected nonunion of
the tibia resulted from open fractures with skin and soft tissue com-
promise that was treated initially by unplanned external fixator and
skin flaps or grafts that make surgical intervention for debridement
of the infected site hazardous (Fig. 2).Union was achieved in all
cases in an average of 23.9 weeks (range: 20-30) (Fig. 3).

Cyclic compression distraction (the accordion maneuver) had
been described by Ilizarov himself to accelerate the weak regener-
ateindistraction osteogenesis in bone lengthening [16]. Distraction
transforms the crushed scarred tissue at the nonunited site into
the fibrovascular tissue, where repeated distraction stimulates the
collagen fiber and osteoblastic cell production and stimulate bone
formation by intramembranous ossification [17]

Biomechanical studies had tried to understand the effect of
cyclic compression distraction technique on the nonunion site, they
concluded that bone respond to dynamic compression rather than
static compression and the bone ends stop sending biochemical
signals with static compression as they adapted to this main-
tained force. The bone ends requires what is called (time off)
period, which is formed by a cyclic compression distraction tech-
nique that help the bone ends to be released from this adaptation.
The forces applied to bone ends also have different effects; as
compression leads to osteogenesis, fibrous tissue formation and
intramembranous ossification, while distraction leads to angio-
genesis, chondrogenesis and endochonral ossification and bone
formation [18].



G Model
OTSR-102881; No.of Pages7

M.A. Meselhy, M. Kandeel, A.S. Halawa et al.

Orthopaedics & Traumatology: Surgery & Research xxx (XXxX) Xxx

Fig. 2. A.Plane X-rays Antero-posterior and lateral views at the time of the initial trauma show severely displaced proximal metaphysio-diaphyseal fracture of thetibia,with
fracture at the distal fibula. B. C.T.Angiography shows the fracture and associated vascular injury that had been holding with arterial clamp. C. X-rays Antero-posterior and
lateral views show the fracture fixation with monoplaner external fixator with metallic shadows of staples for a skin graft.

Several studies have reported satisfactory outcome of this tech-
nique with acceleration of bone regenerate and stimulation of bone
formation in the context of fracture union, without a sufficient
description of the technique [19-22].

Zhang et al. [19] used compression distraction technique with
minimally invasive percutaneous drilling of the bone ends in
treating 20 patients with aseptic non union tibia and the result was
excellent in 9 patients, good in 6, fair in 4 and poor in one patient.

Inane et al. [20] had treated 11 patients with femoral nonunion
with cyclic compression distraction technique and the results were
excellentin all cases. Baruah et al. [21] reported results of compres-
sion distraction technique in 23 patients with nonunion with union
achieved in all cases.

Very few reports described use of Accordion maneuver together
with debridement in management of infected non union tibia.
Sakale et al. [22], reported management of 6 cases with infected
nonunion tibia and bone defect <2.5cm with debridement and
cyclic compression and distraction with union achieved in all
cases.

To the author’s knowledge, this is the first clinical report on
the application of the principal of cyclic compression distrac-
tion technique in treatment of patients with infected nonunion
of the tibia without debridement due to sever soft tissue affec-
tion with a satisfactory outcome. The main limitation of the
study was the small number of patients and the short follow up
period.
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Fig. 3. A. Plane X-raysAntero-posterior and lateral views show site of infected nonunion after fixator removal. B. C.T.angiography of the injured lower limb after fixator
removal show adequate blood supply of the limb. C. C.T. Shows the site of infected non union and the sequestrum. D. Plane X-rays show application of Ilizarov external fixator
with compression distraction technique. E. Plane-rays Antero-posterior and lateral views show union had achieved and the apparatus was removed. F. Clinical photos from

medial and lateral side show the extent of the skin graft and clinical outcome.
5. Conclusion

Cyclic compression distraction by Ilizarov without debridemen-
thad showed a satisfactory outcome in the treatment of infected

non union tibia with compromised soft tissue with low complica-
tion rates.
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