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Abstract: Background: The surgical treatment of non-union of long bones are challenging especially when bones
are osteoporotic or there is a large bone gap due to repeated surgeries and implant failures. Plate with intramedul-
lary fibula provides a stable construct as fibula acts as a second implant with better anchorage and high pull-out
strength. The aim of our study is to present our experience of treating complex non-union of long bones using
compression plating (LCP_/DCP ) in combination with autologous non-vascularized fibular graft (ANVFG). Material
and Methods: 10 cases of complex non-union of long bones (tibia, femur, humerus) treated with debridement,
decortication followed by intramedullary fibular strut grafting and rigid osteosynthesis by LCP_/DCP_ were included
in this study. DASH score and LEFS score was used for upper limb and lower limb functional assessment. Results:
All patients had clinico-radiological union with a mean time of 11.4 months. Pre-operative mean DASH and LEFS
score was 45.9+2.1 and 20.6+2.03 At the last follow-up, mean DASH and LEFS score was 19.8+1.1 and 60.6+2.6.
Conclusion: Compression plating with ANVFG is a viable option for treating complex non-union of long bones.
Intramedullary fibula acting as a second implant provides mechanical stability and support biological healing with

its osteogenic property at the non-union site.
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Introduction

Although post-traumatic and surgical compli-
cations have received a lot of attention in
recent decades, treating non-union continues
to be one of the most problematic cases for
orthopaedic surgeons [1]. According to pub-
lished estimates, the prevalence of non-union
has ranged from 5 to 30% [2]. The frequency of
open long bone fractures has been rising due
to an increase in road traffic accidents (RTAs),
which in turn has increased the frequency
of complex non-union [3]. Treatment for com-
plex non-union of long bones following failed
osteosynthesis is challenging, particularly in
the presence of disuse osteoporosis, osteoly-
sis as a result of implant failure, and substan-
tial bone loss [4]. These patients typically re-
quire repeated surgeries to stabilise their con-
dition or to remove an infection that is caus-
ing soft tissue scarring and the devitalization

of any remaining bones. Their care is made
more difficult by the indolent infection that
nearly usually coexists with deformity, soft tis-
sue atrophy, joint contracture, and limb length
disparity [3]. The goal of treating a long bone
non-union is to restore the function, painless-
ness, alignment, and lack of infection in the
affected limb. Exchange nailing, open reduction
internal fixation with DCP (dynamic compres-
sion plate) or LCP (locking compression plate),
with or without bone grafting and external fix-
ator, are among the various surgical methods
that have been reported [5, 7]. With 92-100%
healing rates, autologous non-vascularized fibu-
lar graft (ANVFG) combined with compression
plating produced good outcomes [23]. The afo-
rementioned structure strengthens long bones
mechanically and offers biological stability for
gaps and atrophic non-union [6]. Therefore, in
this series, we discuss our experience manag-
ing surgically treated complex non-union of the
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long bones utilising a combination of LCP/DCP
and ANVFG.

Material and methods
Study design

The complex non-union of long bones was the
subject of this retrospective study conducted
at our centre from January 2018 to December
2021. For this investigation, institutional ethi-
cal committee approval was obtained. Every
patient gave their informed consent. Patients
were tracked down by looking for operated
cases of repeatedly operated long bones non-
union in our hospital record register between
2018 and 2021. To make sure there were no
missing data, we also looked through the
Operation Theatre Record Register. A complex
non-union was defined as something that met
one or more of the following requirements and
had been established for at least six months: A
non-union site infection, a bone gap larger than
4 cm with atrophic bone ends, and at least one
unsuccessful surgical attempt to create union
are the criteria.

Inclusion and exclusion criteria

The inclusion criteria were a) established asep-
tic non-union of long bones which fulfils the cri-
teria ofcomplex type, b) skeletal maturity (>18
years of age), c) willing to give informed con-
sent, d) minimum 2 years of follow-up. Patients
having infected non-union, pathological frac-
ture, congenital limb deformities, non-union
following periprosthetic fracture, non-union
after conservative treatment and uncontrolled
systemic comorbidities were excluded.

Data collection and measuring tools

Based on the aforementioned inclusion crite-
ria, our study included a total of 10 cases of
complex aseptic non-union cases including the
tibia, femur, and humerus that were treated
with LCP/DCP in addition to ANVFG. Clinico-
radiological diagnosis of non-union was made.
Radiographs, in general, were used to identify
non-union. Pre-operative data included the pa-
tients’ clinical characteristics, demographic in-
formation, and prior surgical records. To deter-
mine the likelihood of infection, the patients’
complete blood count (CBC), erythrocyte sedi-
mentation rate (ESR), and C-reactive protein
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(CRP) values were obtained. From the patient’s
old data (before surgery), the pattern of sev-
erity of fractures and soft tissue injury were
categorised using the AO/OTA and Gustilo An-
derson classification system [24]. At the time of
presentation, all patients had eventual atrophic
non-union. During the examination, the patients
had abnormal bony mobility, minor pain, and
tenderness at the non-union site, which limited
their ability to do daily activities. Five patients
exhibited visible deformities that could be cor-
rected clinically, including one each in the arm,
two in the thigh, and two in the leg. To varied
degrees, all patients had stiffness in their
ankle, knee, elbow, and shoulder. No additional
cancellous grafting procedures were tried.

Surgical techniques

A 32-year-old female who had undergone one
operation in the previous two years showed us
his most recent x-ray, which revealed implant
breakage with non-union of the distal 1/4" of
femur (Figure 1). Another patient with atrophic
gap non-union of the mid 1/3" shaft tibia pre-
sented 15 months after sustaining injury with
one failed prior surgery (Figure 2). In every
instance, combined spinal epidural anaesthe-
sia (CSEA) was used throughout the operation.
The standard surgical approach or the surgical
scar from the previous treatment was used to
expose the non-union site. After removing any
dead or devitalized bone and fibrous tissue, a
4.5 mm drill bit was used to gain entry to the
medullary canal.

Medullary canal preparation: the medullary
canal was prepared to receive the bone graft.
In order to insert the graft, the medullary canal
was evenly enlarged both proximally and distally
by curettage, a drill, and hand reamers (8-11
mm) to remove fibrous and pseudoarthrosis
tissues as well as loose bone pieces.

The fibular graft was prepared by harvesting it
using a lateral approach and a torniquet on the
ipsilateral side. The centre third of the fibula
was used to harvest the graft, ensuring that at
least 7 cm of bone was preserved both pro-
ximally and distally. The harvested graft was
between 10 and 15 cm in length. Before using
an osteotome and bone saw to complete the
osteotomy, many drill holes were produced at
the required level both proximally and distally.
Extreme caution was used to locate and protect
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Figure 1. 32-year female with open (grade 2) injury to the right knee after RTA. A. X-ray showed comminuted fracture
distal 1/4th femur with intercondylar extension. B. Open reduction and dual plating were done. C, D. X-ray at 15
months showed non-union with implant failure. E, F. Implant removed and non-union site was freshened causing
shortening of distal fragment. G. Fixation done with Intramedullary fibula and 11-hole LCP. H. X-ray at 1 year showed

complete union. |, J. Knee range of motion at 1 year follow-up.

the superficial peroneal nerve. To allow for
future trimming, the extra length of the fibular
graft was excised. In order to telescope the
graft tightly into the canal across the fracture
site, it was trimmed. To make sure the graft
will be one size smaller than the last reamer
used, the graft diameter was measured. It was
bevelled at one or both ends if the thickness
prevented it from being used.

Insertion of the fibular graft: the graft's centre
was marked to make sure it was at the fracture
level. To ascertain the precise length that re-
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quires trimming, the graft was put into each
of the fracture fragments. It was verified that
the graft could be readily moved over the
prepared medullary canal after subsequent
shaping. The fracture was reduced in distraction
and the graft was pushed up all the way
proximally. The fibula was gradually pushed
distally to make sure that both fragments had
the same length of graft. Next, the fracture was
manually compressed as much as possible.

Plate fixation and achieving compression at the
fracture site: fixation was done with 10-11 hole
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Figure 2. 42 year/male, with injury to right leg (grade 3B). He was managed with tibial interlocking nail (TIN) after 3
days of injury (immediate post. Operative x ray not available). Patient presented to us 15 months after injury. A. X ray
at presentation showed gap non-union of mid 1/3rd tibia with TIN in situ. B. TIN was removed and long leg slab given
for 1 month. C, D. He was managed with intramedullary fibula from ipsilateral side with DCP along with rotational
flap cover and split thickness skin graft in the same sitting. E. Follow-up x-ray at 2 months showed union in progress.
F. X ray at 1 year showed complete union. G, H. Knee ROM at 2 years follow-up.

4.5 mm LCP/DCP. As we did not have Muller’s
device for compression, we choseto compress
by DCP holes. We fixed screw on one side of the
fracture and under C-arm guidance we went
beyond the end of the fibula to put other DCP
screw. It was made sure that at least one + two
screws were inserted in each fragment passing
through fibular graft in addition to parent bone
cortex.

Post-operative protocol and follow-up

Exercises for range of motion (ROM) were initi-
ated the day following the procedure. Until com-
plete fracture union was achieved, patients
were followed up with every two months after
the first six turns of monthly visits. Weight bear-
ing and weight lifting were not allowed to
resume until three to four months after surgery.
X-rays were taken at every follow-up to evaluate
the fracture union. Fracture healing was taken
into consideration on the basis of x-rays, if the
bridging callus was visible in three of the four
cortices on the antero-posterior and lateral
views. Clinical union was characterised by a full
weight-bearing walk without pain and the lack
of tenderness at the non-union site. Lower
extremity functional scale (LEFS) scores [26]
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and disability of the arm, shoulder, and hand
(DASH) scores [27] were used to evaluate func-
tional outcome.

Statistical analysis

Continuous variables were shown as mean *
SD, whereas categorical variables were pre-
sented as numbers and percentages. The stu-
dent t-test was used to compare quantitative
variables. Statistical significance was attained
when the p-value was less than 0.05. The ana-
lytical process involved entering the data into
an MS Excel spreadsheet and utilising the
Statistical Package for Social Sciences (SPSS)
version 20.0.

Results

This study comprised ten patients who met the
criteria for complex non-union after osteosyn-
thesis failed. The mean age of the nine males
and one female was 35.6 years. There were
three humeral, three tibial, and four femoral
non-unions in all. There were nine RTAs and one
fall from height (FFH) as the modes of injury.
Among all patients, there were three smokers,
three patients had type 2 diabetes mellitus and
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one had severe osteoporosis. According to the
AOQ/QTA classification, three patients had type
A, four had type B, and three had type C frac-
tures. According to the Gustilo Anderson clas-
sification, six patients had open fractures and
four had closed fractures. In three patients,
the non-union site was proximal 1/3rd, in five
patients it was mid 1/3rd, and in two patients it
was distal 1/3rd and distal 1/4rd.

Four patients had undergone two surgical inter-
ventions, while six individuals had undergone
one. 15.9 months was the average amount of
time spent in non-union. In the past, two pa-
tients had plastic surgery procedures (one
rotational flap cover and one split thickness
skin graft) to cover wounds while one had
rotational flap cover in the same sitting at the
time of non-union surgery. There was a 5 to 50
mm bone gap. All patients had their ESR and
CRP levels checked, and the results were nor-
mal. Every patient had a minimum of two years
of follow-up. Clinical and radiological union was
present in every patient. At the union site, no
patient has reported any pain. 11.4 months
was the average time to union (range: 9-20
months).

Clinical measurements revealed that the ave-
rage shortening of the arms was 7 mm (range:
5 to 12 mm), while the average shortening of
the legs and thighs was 16 mm (range: 15-20
mm) and 14 mm (range: 9 to 20 mm). Table 1
displays the demographics of the patients,
surgical indications, risk factors, and compli-
cations, whereas Table 2 shows the functional
outcomes. At the last follow-up, the DASH score
and LEFS improved from the pre-operative
averages of 45.942.1 and 20.6%£2.03 to an
average of 19.8+1.1 and 60.6+2.6 (P<0.05),
indicating that all patients had returned to
nearly typical pre-injury activity levels. When
compared to the normal side, there was a 20
degrees reduction in both shoulder abduction
and flexion. For the elbow and knee, the typical
range of motion was 15 to 110 and 25 to 100
degrees, respectively.

Two patients who underwent surgery for distal
tibial non-union had plantar flexion from O to
20 degrees and no dorsiflexion at all in their
ankle joint. At the last follow-up, every patient
expressed satisfaction with the treatment.
Debridement and oral antibiotics were used to
treat one patient who had superficial wound
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infection. There were no documented problems
at the donor site.

Discussion

Long bone non-union following several opera-
tions and recurrent implant failure are refrac-
tory conditions. They are typically linked to
a very poor quality of life in terms of health
[25]. The course of treatment is complicated
and frequently difficult [8]. In these situations,
the bone is frequently osteoporotic and has a
wide gap between bone pieces; as a result,
any type of surgery may have challenging heal-
ing or unfavourable outcomes. Non-union of
long bones is most likely related to the type of
fracture, the interposition of soft tissues, and
the primary fixation’s quality [9]. The inability
of the bone to successfully unite after sur-
gery may be caused by osteopenia, devitalized
bone, poor bone contact, and insufficient stabi-
lisation. Moreover, treatment methods, diabe-
tes mellitus, obesity, smoking, and alcohol
abuse may all be contributing factors [10].

We have presented our experience on ten ca-
ses of difficult non-union of long bones that
failed due to the general and local causes listed
above. In these individuals, the choice of
surgical treatment is further complicated by
osteoporosis resulting from either secondary
metabolic causes or from inactivity [8]. These
patients frequently had cortical ballooning,
scalloping next to screws, metallic debris, and
implant breakage. This presents a challenge
in the realm of reconstructive procedures thus
increasing the chance of implant failure. Al-
though a number of approaches have been
previously discussed in the literature for the
treatment of complex non-union of long bones,
no perfect technique has yet been described
[B].

Complex non-union of long bones have been
treated with a variety of surgical techniques,
including exchange nailing, nail-plate complex,
compression plating alone, illizarov, one or
two stages of the masquelet technique, can-
cellous bone grafting, pedicle bone transfer,
periosteal free flap transfer, and bone mor-
phogenic protein (BMP) [11]. It has been noted
that atrophic/oligotrophic non-union and a
bone gap more than 5 mm were risk factors for
exchange nailing failure [12]. Moreover, if the
nail that has already been put is the maximum
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Table 1. Patient’s characteristics

Case Age (vears)/Sex Non-union site claigiéi(z::ion GA classification - Number of prior Duration of Timfe to Complication Notes Risk factors
(M/F) (15 surgery) (1%t surgery) procedures non-union  union
32/M Femur (distal¥ C 2 1 12 5 None DM
2 36/M Femur (mid¥® C 3A 1 18 6 None Earlier graft cover Smoking
3 42/M Tibia (mid/3) C 3B 2 24 8 None Rotational flap cover with DM
split thickness skin graft
26/M Humerus (prox.*?) B Closed 1 24 10 None - DM
5 34/M Humerus (mid*/3) B 1 2 9 12 None - Smoking
6 40/M Tibia (distal?) A 3B 1 16 8 Superficial Severe osteoporosis and  Osteoporosis
infection gap, rotational flap cover
7 30/M Tibia (prox/3) B Closed 1 20 9 None - -
37/M Femur (prox.Y/3) A Closed 2 14 7 None - -
9 36/M Femur (mid¥3) A Closed 2 12 9 None External fixator followed Smoking
by nail applied before and
removed
10 43/F Humerus (mid¥3) B 2 1 10 10 None - -
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Table 2. Statistical analysis of functional
outcome

Pre-operative Post-operative

Patients | ers/pASH) (LEFS/DASH) P value
1 18.8 62.6 <0.05
2 22.4 58.7
3 21.6 64.4
4 46.4 (DASH) 18.9
5 48.2 (DASH) 21.4
6 24.1 57.3
7 19.2 62.8
8 20.6 61.4
9 17.9 57.1
10 43.1 (DASH) 19.2

LEFS, Lower extremity functional scale; DASH, Disabili-
ties of arm, shoulder and hand.

diameter that the manufacturer has market-
ed, there is no way to exchange it for one that
is larger [13]. The nail-plate combination pro-
cess requires advanced technical skills. Nail
in-situ correction of angular deformity is cha-
llenging [14]. Furthermore, putting bi-cortical
screws through the plates having retained nail
is difficult [15]. Long treatment period is nece-
ssary for bone transport with llizarov/LRS,
which may be uncomfortable. Its adoption was
further hampered by cosmetic concerns, the
need for a second treatment to remove the
frame, and the time it took to regain function
after the frame was removed [16]. As modern
plating techniques have evolved, compression
plating seems to be a promising treatment for
non-union of long bones. Bellabarba et al. [17]
reported using compression plating with DCPs
to successfully treat 23 cases of aseptic fe-
moral non-union. When treating non-union of
the long bones in the upper and lower limbs,
Ramoutar et al. [18] discovered a high union
rate with compression plating.

Nevertheless, segmental bone abnormalities
were not included in any of these researches.
Fundamental to the process of plate osteo-
synthesis is compression. DCPs are said to
have a high union rate for that reason. It co-
rrects axial malalignment and applies com-
pression at the fracture site. Itis only applicable,
though, when bone quality is appropriate. Given
that the majority of difficult non-union cases
have poor bone quality and screw purchase as
a result of prior implant failure, LCP may be a
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good choice in these situations [19]. As a result,
we decided to do fracture fixation and stabi-
lisation with LCPs/DCP_. The use of intrame-
dullary fibular strut grafts in conjunction with
quadricortical plating was first proposed by
Wright et al. [20]. The purpose of this improv-
ed mechanical setup is to reduce the risk of
fixation failure or fibrous non-union caused
by excessive movement or osteoporotic bone
conditions. This approach prevents conside-
rable donor site morbidity, in contrast to iliac
crest bone graft (ICBG), which lacks intrinsic
mechanical strength until fracture union.
We chose to add fibular grafts to our case
series in every instance in order to increase
the construct’s structural integrity. In none of
the patients did we employ iliac crest graft.
Our approach avoids purposeful shortening,
utilizing non-vascularized fibula, which is easily
harvested with minimal graft site morbidity
and does not necessitate proficiency in micro-
surgical skills. Following fixation, the cortical
bone guarantees swift structural continuity and
stability.

The fibula functions like a triflanged nail, firmly
attaching itself to the host bone and making
it the best donor for reconstructing long bone
defects [21]. We saw no cases of graft resor-
ption or failure, which surprised us because
cortical bone grafts frequently fail because of
insufficient vascularity from surrounding soft
tissues. Compared to surgical options such
as allografts, external fixator-assisted bone
transfer, induced membrane technique, and
bone morphogenetic proteins, using autografts
with fibula is a significantly more economical
method. Even though the benefits of autolo-
gous non-vascularized fibular graft versus
allogenic or vascularized alternatives are still
up for debate, we think it’s a very good option,
especially in areas with weak bone banking
systems and a scarcity of physicians with
microsurgical training.

Hence, the utilization of fibular autograft in this
technique is anticipated to gain widespread
acceptance as a dependable procedure viable
at most centers, particularly in healthcare sys-
tems where patients directly bear the costs.
While a potential theoretical drawback of autol-
ogous non-vascularized fibular grafts (ANVFG)
involves the disturbance of both periosteal and
endosteal blood supply, it's essential to note
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that donor site morbidity is a recognized disad-
vantage, albeit often minimal [6, 22]. Non-
vascularized fibular grafts, when used freely,
carry a known risk of necrosis, leading to ab-
sorption and non-incorporation into the host
bone. Nevertheless, studies have indicated
that the survival of autologous bone grafts can
be ensured if they are promptly affixed to the
recipient’s bone upon retrieval. The osteogenic
qualities of the graft are preserved when it is
immediately fixed at the recipient location,
which makes it easier for the cells on and inside
the graft to absorb oxygen and nutrients from
the bloodstream [6]. In ourseries, the favour-
able outcomes with minimal complications en-
dorse the adoption of this straightforward and
dependable alternative.

The present study bears noteworthy limita-
tions. It is a retrospective case series involving
a restricted patient cohort conducted at a sin-
gle center with constrained resources (absence
ofallograft) and overseen by a single surgeon.
Our method greatly improves patient compli-
ance while simultaneously restoring function to
the non-united atrophic complex non-union,
which makes our study strong. This minimizes
the need for prolonged and expensive treat-
ments like the illizarov method, known for frus-
trating outcomes, while ensuring pain free
extremity functionat its fullest potential.

Conclusion

In conclusion, using a Dynamic/Locking Com-
pression Plate (DCP_/LCP ) in conjunction with
an autologous non-vascularized fibular strut
graft has proven to be a reliable option for man-
aging “complex” non-union situations that in-
clude significant bone loss and osteopenia.
Additional mechanical stability is provided by
the addition of a free fibular graft, especially in
cases of osteoporotic bone disease. Very little
reduction in the length of the host bone was
seen, which allowed for an early mobilisation
and a good union. This work offers a practical
substitute for treating complicated long bone
non-union.

Disclosure of conflict of interest
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Abbreviations

DCP, Dynamic compression plate; LCP, Locking
compression plate; ANVFG, Autologous non-
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vascularized fibular graft; ROM, Range of mo-
tion; LEFS, Lower extremity functional scale;
RTA, Road traffic accident.
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