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Objective: This study aims to evaluate the result of a two-stage (delayed conversion) management of nonunion after
failed external fixation of the lower limb.

Methods: A case series of 25 patients (19 males and six females) enrolled in this study between February 2008 and
October 2016, mean age 33.4 years (range, 22–65 years). Eight had femoral fractures, and 17 had tibial fractures.
All were due to high-energy trauma and were open fractures. All cases were presented by non-union after external fixa-
tion in the lower limb long bones. All patients were managed by two stages (delayed conversion) osteosynthesis. The
patients have been assessed for rate and time for union, range of motion of adjacent joints, the Modified functional
outcome score of Karlstrom-Olerud, and Trauma outcomes measure score.

Results: The mean follow-up was 36.5 months (range 24–54 months). Twenty-two cases (88%) were fully united on
an average of 5.3 months. According to the Karlstrom-Olerud scores, the final functional outcome score was excellent
12 cases, good 9 cases, accepted 2 cases, and poor in two cases. As regards the trauma outcome measure score,
the mean TOM after 3 months was 26.1 (25.3–27.3), 30.4 (29.3–32.1) after 12 months, and 33.4 (32.3–40) after
24 months.

Conclusions: The technique of two-stage treatment of nonunions of long bone after external fixation is a successful
tool to achieve bony union. It could be a favorable option with a low risk of complications and a high level of functional
outcomes.

Key words: External fixation; Locked compression plate; Lower limb trauma; two-stage reconstruction; failed external fix-
ation; Non-union; Open fractures

Introduction

One of the most common indications for external fixation
in the management of fractures associated with high

injury trauma which is commonly comminuted and open
ones.1 There were still many questions and problems with its
use. Furthermore, the optimal frame design and biomechani-
cal characteristics of each fixator still controversial2.

The incidence of non-union following high injury
trauma ranges from 5% to 20.3%.3–5 The causes of non-
union include soft tissue damage, high injury trauma,
improper reduction, the frame used in external fixation, sup-
plemental use of an interfragmentary screw, postoperative
infection, and dynamization at the fracture site. The non-
union is almost an atrophic type according to Weber–Cech
classification6. Despite distraction osteogenesis in limb
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reconstruction, surgery is a good option, prolonged external
fixation is troublesome for the patient and associated with
complications7–11. The risk of combining external and inter-
nal fixation is deep infection. The reported incidence is 3%–
15%12, 13. There is no consensus about the method of
internal fixation when used after external fixation, which
leads to optimal results. There are two methods: acute
conversion and delayed conversion14. The acute conversion
consists of removal of the external fixator device and per-
forming internal fixation in the same setting. The delayed
conversion consists of two separate procedures for the
removal of external fixation and the insertion of the internal
fixation device.

The protocol for the treatment is two-stage manage-
ment (delayed conversion); the first surgery includes removal
of the fixator and Debridement of external fixation pin
tracks. Stabilization of fractures has been individualized
according to the site and stability by traction, plaster of Paris,
and functional braces. This interval varied and the second
procedure was performed when the pin tracks healed with
no sign of infection. The second stage included the stabiliza-
tion of fracture and bone grafting to enhance bone healing
and halt nonunion14–16. This interval varied and the second
procedure was performed when infection parameters were
negative and pin-tracks site healed with no infection.

The aim of this study was to assess the functional out-
comes of the two-stages (delayed conversion) management
of nonunion after the failure of external fixation with the
purpose of achieving bone healing and preserving the range
of motion of the joints of the lower limb.

Patients and Methods

This is a case series included 25 patients (19 males and 6
females), the study population is adult patients who

underwent two-stage conversion to internal fixation between
2008 and 2016. All the patients had un-united fractures in
long bones of the lower limb after failed external fixation
were enrolled in this study. Exclusion criteria included age
below 18 years old, patients with major neurovascular com-
promise, known cases of peripheral vascular disease, complex
deformities, and patients who were treated primarily by a
different technique than external fixator.

The mean follow-up was 36.5 months (range
24–54 months). Mean age 33.4 years (range, 22–65 years).
Eight had femoral fractures and 17 with tibial fractures. All
were due to high-energy trauma and were open fractures.
Fracture types are categorized according to AO classification.
There were nine cases with type (A), eight cases were type
(B), and eight cases were typed (C), and according to
Gustillo-Anderson classification, three cases were grade (I),
15 cases were grade (II), and seven cases were grade (III). In
addition, there were four cases cases initially treated by exter-
nal fixators owing to the presence of bone loss, nine cases of
fracture with associated severe soft tissue injuries, and
12 cases of severely comminuted diaphyseal or metaphyseal
fracture. The reasons for conversion to internal fixation were

patients’ incompliance with external fixation for 13 patients,
persistent pin tract infections in 10 patients, docking site-
related problems in 2 patients. All cases show clinical and
radiological signs of non-union.

The demographic distribution of the cases was as fol-
lows. The Mean primary surgeries had been done per case
was 2.3 (range one to four operations). It included serial
debridement, revisions, or realignment of the fixator and
bone grafting. five cases were presented at the time of pre-
sentation by active infection and one case has deep
sequestrum.

Preoperative assessment included history involving
General health of the host and presence of medical co-
morbidities, social habits (smoking and alcohol consump-
tion), and previously offered treatment for the fracture, com-
plications, time of referral, occupation. Soft tissue envelope,
Joint contracture, range of motion, Nerve function, Vascular
status, Location and type of nonunion, and Psychosocial
resources.

Evaluation for signs of infection involved complete
blood cell count (CBC), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP) for all cases. Also, the
patients’ nutritional status was assessed by total lymphocytic
count and Rainey-MacDonald nutritional index.

Imaging studies included standard anteroposterior, lat-
eral, and oblique views to assess: the degree of bone gapping,
evaluation of medullary cavity, and presence of sequestrum
or signs of infection and deformity and its plane. Surgery
planning included the use of radiographs of the uninvolved
side with an overlay on tracing paper to determine the bony
alignment, length, type, and design of the implant to
be used.

Ethical approval was obtained from the institutional
ethics committee and informed consent forms from all
patients were received.

Surgical Procedure

All cases have been performed under regional (spinal or
epidural) anesthesia. In the first stage, removal of the

external fixator and debridement of pin track was been per-
formed for all cases. For infected cases, soft tissue was thor-
oughly debrided and the site of pseudoarthrosis was
identified and all soft tissues’ interposition removed with
sequestrectomy and aggressive debridement of all necrotic
tissues. Tissue samples have been obtained from multiple
sites for cultures and sensitivity. Surgical wound lavage is
performed using normal saline with an antiseptic (Povidone-
iodine 7.5% solution) for removing blood clots and dev-
italized tissues (Fig. 1). Wound closure was performed in
19 cases, leaving a suction drain for removal within 48 hours
after surgery. Two cases required secondary skin graft for
wound closure. The remaining cases were treated by removal
of external fixation and pin tract debridement. The limb was
stabilized by plaster of Paris cast (nine cases), traction (eight
cases), functional braces (five cases), and removable splint
(three cases). Monotherapy broad-spectrum antibiotics
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started (3rd generation cephalosporin) until the results of the
culture appear. Patients were discharged with regular outpa-
tient clinic attendance and monitored weekly until the infec-
tion parameters became within normal limits.

In the second stage, after all clinical and laboratory
signs of infections have been resolved, the patient was
readmitted. During surgery, the nonunion site was re-
exposed and re-evaluated for any residual infection. Exces-
sive release of the soft tissues attached to bone has been
avoided to preserve their blood supply. Trimming and shin-
gling of bony ends were carried out (together with the open-
ing of the medullary canal) to get maximum bone contact
and achieve an inherently stable fracture. In some cases, an
AO/ASIF femoral distractor is applied and used to correct
the length and alignment of bone without marked soft tissue
stripping and devitalization. Internal fixation is undertaken.
The choice of the fixation depended upon the level of the
fracture, presence of an open medulla, and preferences of the
individual surgeons. Locked plates (owing to the co-existence
of osteoporosis) was used in 18 patients, locked broad
dynamic compression plate in two cases, locked narrow
compression plate in four cases, locked distal tibial plate in
five cases, locked proximal tibial plate in six cases, while
Interlocking femoral nail was used in seven cases, and locked
distal femoral plate in one case. The length of the plate was
chosen so that the plate span ratio is about 3 and the plate
screw density ranges from 0.5 to 0.6. Five patients needed
manipulation to improve joint range of motion. Following

stable fixation, autogenous bone grafts are applied around
the nonunion to fill the gap if present and to accelerate bone
healing. Bone grafts were harvested from the iliac crest
(23 cases) and in two cases additional ipsilateral non-
vascularized fibular graft was needed. Wound was then
closed over a suction drain. All cases were operated by the
authors with the same technique (Fig. 2).

Postoperative Management
Patients were instructed for toe-touch weight-bearing with
crutches from the first day postoperatively and for 3 weeks.
Progressive increase in weight-bearing was encouraged. Full
weight-bearing was allowed when radiological signs of bone
healing appear (2–5.5 months) with a mean of 4.2 months.
Rehabilitation protocol started from the second postoperative
day with isometric and active assisted exercises of all joints
to improve the stiffness of the joints developed during the
period of the fixators. Antibiotics were given for 1 week.

A B
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E

Fig 1 Operative details of non-united lower 3rd tibia. (A) Fracture

nonunion in Ilizarov fixator (B) Photo of the frame (C) Intraoperative

showing site of nonunion (D and E) Debridement of bone and pin track.

Fig 2 (A) Adult patient treated by ring fixator with no evidence of union

after 10 months, (B) X-ray show nonunion of the fracture and removal of

fixator, (C) and (D) Post-operative X-ray shows plate fixation and bone

grafting.
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Patients have been reviewed clinically on a regular basis after
2 weeks, 6 weeks, 3 months, 6 months, and 1 year with serial
radiographs. The functional results have been evaluated
using trauma outcomes measure (TOM) which is proposed
by the AO foundation17. It shows the state of progression or
regression of the functional outcomes during the follow-up
period. The questionnaire has been translated into the Arabic
language and ensured that the patient perceived and under-
stand it fully before filling the questionnaire.

At the final follow-up visit, pain associated with
weight-bearing, any leg-length discrepancy, limb alignment,
and range of movement of hip, knee, and ankle have been
evaluated.

Radiographic evaluation included: bone union, mal-
union, axis deviation, limb shortening, and any evidence of
implant failure. The final functional outcome was evaluated
according to the modified functional evaluation of the
Karlstrom–Olerud score18.

Statistical Analysis
Data were analyzed using Statistical Program for Social Sci-
ence (SPSS) version 15.0 (SPSS Inc., Chicago, Illinois). Quan-
titative data were expressed as mean ± standard deviation
(SD) after confirmation of its normal distribution. Qualita-
tive data were expressed as frequency and percentage.
P-value <0.05 was statistically significant.

Results

Follow Up
The mean follow-up was 36.5 months (range 24–54 months).
The duration of nonunion was 9.8 months (range
8–13 months). The average delay before osteosynthesis (until
no signs of infection) was 3 weeks (range 2–4 weeks). The
time varied depending upon the condition of pin tracts,
timing of infection eradication, and general condition of the
patient.

General Results
Twenty-two cases (88%) were united completely on an aver-
age of 5.3 months (range 4–8 months) and three cases
exhibited persistent nonunion which had been overcome by
re-grafting and injection of bone marrow aspirate (BMA).
Union was assessed both clinically and radiologically. All
united cases were able to walk with minimal pain or without
pain. No deformity of more than 10� in any plane was
detected. Limb shortening was detected in four cases (16%),
with an average of 3o mm.

All patients had a full range of motion at the hip and
ankle joints. Eighteen (72%) regained full movement at the
knee (compared to the other side) while seven patients
(28%) had residual limited knee flexion varying from 15� to
30�. A superficial infection has been recorded in five cases
(20%), and one case showed late infection with the formation
of sequestrum in distal tibia and was operated upon and all

responded well to antibiotic therapy (Fig. 3). No patient had
implant failure nor residual knee instability.

As regards the trauma outcome measure score, the
mean TOM after 3 months was 26.1 (25.3–27.3), 30.4 (29.3–
32.1) after 12 months, and 33.4 (32.3–40) after 24 months
(Table 1).

According to the Karlstrom–Olerud scores, the final
functional outcome score was excellent in 12 cases, good in
nine cases, acceptable in two cases, and poor in two cases
(Table 2).

Complications
Overall complications included: three cases of nonunion
(12%), five cases of superficial infection (involving skin

Fig 3 Clinical photo of a patient presented by deep infection with

sequestrum.
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edges), and one deep infection (infection extended to mus-
cles and fascia), seven cases of knee stiffness (residual limita-
tion), and four cases of limb-length discrepancy including
one case of malunion.

Figures 4, 5 and 6 are case presentations.

Discussion

Complex reconstruction surgery by distraction osteogene-
sis may lead to prolonged periods of external fixation.

Due to the complexity of cases, a need for conversion to
internal fixation owing to patient non-compliance failed pro-
gression in treatment or persistent complications with con-
tinued use of the external fixator device14. It is not precisely
proved when is the best time to convert to definitive fixation
without increasing the risk of infection19.

Failure of fractures to unite after treatment with exter-
nal fixation is a challenge for orthopaedic surgeons, particu-
larly in cases of osteoporosis, joint stiffness, and persistent

TABLE 1 Mean patient-reported scores for the TOM

Outcomes Number of patients 3 months 6 months 12 months

TOM 25 26.1 (25.3–27.3) 30.4 (29.3–32.1) 33.4 (32.3–40)

TOM, trauma outcomes measure.

TABLE 2 Distribution of cases according to the modified func-
tional evaluation of the Karlstrom–Olerud score

Clinical results No. of patients

Excellent 12
Good 9
Satisfactory 2
Moderate -
Poor 2

A

C D E

B

Fig 4 (A) 27-year-old male involved in

road traffic accident treated initially by

ring fixators, (B) X-ray show ring

fixators after 10 months with

nonunion, (C) Internal fixation with

distal tibial locked plate and bone

grafting, (D) Excellent functional

outcome (full knee flexion), (E) Full

weight-bearing on the affected limb.
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complications in addition to patient dissatisfaction. Non-
union could be due to the existence of a bone defect, persis-
tent pin tract infection, mechanical instability, deficiency of
biological environment essential to the bone to unite, and
lack of experienced surgeon20. The qualities of the soft-tissue
envelope, blood supply around the fracture, mechanical sta-
bility at the fracture site are important factors for deciding
the treatment modality21, 22. The management of this study
aims to achieve sound union, early mobilization, and avoid
complications. One of the common problems after external
fixation application is the presence of pin tracks infection
which renders the fractures potentially infected and liable to
nonunion12,13.

It was planned in this study to achieve our objective
(healing of nonunion) through the strategy of (delayed con-
version). This was to be achived by first converting the

infected nonunion into non-infected one via complete eradi-
cation of infection by thorough debridement of all involved
soft tissue and removal of the fixator14. CRP is a helpful indi-
cator of infection, but it is not necessarily specific and cul-
tures are reliable tools though findings are often negative,
especially in patients on antibiotics when cultures have been
taken15. Also, the nutritional status of the patients has been
assessed using the total lymphocyte count and nutritional
index of Rainey-MacDonald. both parameters can identify
patients who are prone to develop infection postoperatively16.
This prospective case series study provides some support for
the strategy of conversion from external to internal fixation.

Many studies have focused specifically on nonunion after
the failure of external fixation. Literature showed that achieving
the bone union of non-united fracture associated with open
fractures managed by definitive external fixators is a great

A

D

F G

E

B C

Fig 5 (A and B) Adult male with open

comminuted shaft femur treated with

ring fixator, (C) X-ray of nonunion (after

fixator removal) in splint during waiting

until signs of infection resolve,

(D) Immediate post-operative X-ray

after fixation of the fractures by

intramedullary interlocking nail and

bone grafting, (E) Two months

postoperative X-ray with the healing of

the fracture, (F) and (G) good range of

motion of hip and knee joints.

431
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 2 • APRIL, 2021
TWO STAGE OSTEOSYNTHESIS REVISION FOR FAILED FIXATOR



challenge when both intrinsic and extrinsic blood supply was
violated by infection or multiple operations17.

We utilized locked compression plates (due to localized
osteoporosis) which magnified the characteristics of biological
fixation by the principle of internal fixators with more poten-
tial to preserve residual blood supply that was already affected
by previous surgeries.

Comparing the results with other studies utilizes the
same technique; Van den Bossche et al. reported on 57
patients mean union time of 40.6 weeks [21]. It is a consider-
ably long time compared to the current study (5.2 months).
This could be because most of our cases were grade (I) and
grade II open fractures (18 cases), Also, proper debridement
prevents the development of infection in addition to preserv-
ing the soft tissue attachment which avoids the occurrence of
gapping and the use of bone grafting in all cases. Also, there
was only one case of deep infection and one case of mal-
union. The functional outcome was good to excellent in all
their cases. In this study, non-union encountered in 3 cases
and were operated by re-grafting and bone marrow aspirate
injection and they achieved union but still is relatively lower

than many series. Wheelwright et al.20 showed that delay in
secondary nailing until granulation of the pin sites is associ-
ated with a low infection rate. They reported a union rate of
11.6% and a 7% infection rate. Bernat et al.20 reported the
outcome of 17 patients in whom the union rate was 100%,
no deep infection, and two superficial ones. Monni et al.21

on dealing with five limbs for the delayed conversion of
fixators to internal fixation reported 13.3% infection, and all
their cases achieved full union.

The incidence of complications in the series is relatively
low including knee stiffness (28%), deep infection (4%), and
limb length discrepancy (16%). Infection remains a threat with
prolonged external fixation and is a risk when the method of
fixation is changed to internal fixation. it is recommended that
pin tract infections should be treated first before the conver-
sion is essential.

There were no cases of implant failure in this study,
this could be attributed to the bone graft is used in all cases
to overcome any bone defect and minimizes exposure of the
plate to concentrated bending or torsional stresses which
consequently predisposes to implant failure 23.

The functional outcomes do not rely on bone union
(and capability of weight-bearing) as the sole evaluation
parameter. Other prerequisites that may affect the situation
are the general condition of the patient, pain tolerance, mus-
cle status, physical activities, and psychological status of the
patien, which is markedly affected by the prolonged presence
of the fixator and its effect on the patient’s daily personal,
social, and familial activities. All outcome measures in our
study improved over time between 6-months and 2 years.
The one-year mean TOM score is less prone to a ceiling
effect (i.e. reaching the upper-most end on the scale) “activi-
ties of daily living” dimension. The average TOM score after
2 years postoperatively only lays at 20% below the upper
limit to the scale, while 30% of the patients reached the max-
imum score of 40 on the TOM scale at a 2-year follow-up
(Table 1).

According to the modified functional outcome of the
Karlstrom– Olerud score, the final functional results were:
excellent in 12 cases (48%), good in nine cases (36%), satis-
fied in two cases (8%), and poor in one case (4%), and these
results are fairly reasonable.

The main limitations of our study are a small sample
size, the need for a control group to compare the results with
other single stages (acute conversion) protocol. Also, the fact
that some cases had infected nonunion while others had
non-infected nonunion may have some impact on the
outcome.

Conclusion
The technique of two-stage (delayed conversion) treatment
of nonunions of long bone after external fixation is an effec-
tive strategy to achieve favorable functional outcomes. It
decreases the frame time and incidence of nonunions as well
as deformity corrections. For optimization of the functional

A B

C D

Fig 6 (A) Adult patient treated by ring fixator with no evidence of union

after 10 months, (B) X-ray show non-union of the fracture and removal

of fixator, (C and D) Post-operative X-ray shows plate fixation and bone

grafting
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results, infection must be eradicated well and this should be
monitored by clinical and laboratory parameters.
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