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Abstract Original Research Article

Femoral shaft non-union is a functional and economical challenge for the patient as well as a treatment dilemma for
the surgeon. The Association for Osteo-synthesis (AO)’ as a means of preventing the development of fracture disease
and early recovery. Intramedullary (IM) nailing is the gold standard for the management of femoral shaft fractures. To
find out the Functional outcome in exchange nailing with autogenous cancellous bone graft for aseptic nonunion of
femoral shaft. From July 2015 to June 2017, more than 30 patients of femoral shaft aseptic nonunion were treated with
this technique at Pabna Medical College Hospital and clinics in Pabna, Bangladesh. 21 patients were finally recorded
for study. Among them 1(one) patient was lost after 04 weeks before fracture healing. Culture of the 1st reaming
materials revealed growth in 2 cases. So, final outcome, analysis and test of significance were done with 18 patients.
Mean age 41.95 Years; SD £ 13.11; Male: Female = 3.3:1 Among 18 fractures nonunion, 15 fractures (83.33%) were
united and 3 fractures (16.67%) were not united after exchange nailing with autogenous bone graft in aseptic
condition. Confidence Interval at 95% level 66.08%-100%. Mean union time was 26.00 £4.5 weeks where 95%
confidence interval was 23.49+£28.51weeks including both static and dynamic mode of fixation. In static mode mean
union time were 29.33+£3.01 weeks whereas in early dynamic it was 21.33+1.63 weeks. It was also calculated that after
late dynamization mean union time was 28.67+2.309 weeks. Among complications unacceptable Angle deviation
5.6%, Limb length discrepancy 5.6%, Pain —Swelling 5.6%, Infection 11.12%, Joint motion restriction 5.6%, Implant
failure 5.6%. There was a strongly positive correlation between age and union time; that means more the age more the
union time. In this study, it was found that smoking and NSAIDs both had significant relation (p<0.05) with fracture
union time. Highly strong (+) ve correlation was found between non union period and union time after exchange
nailing. Final outcome according to modified Thoresen’s score was Satisfactory78%,; according to modified Silvia’s
score was 10.83 £ 2.203. In fracture united cases postoperative SF-MFAS Function Index was achieved 2.5 +1.7and
Bother index was achieved 1.89+1.08.There was a highly significant (p<0.001) difference between pre operative and
post operative functional outcome after exchange nailing with open bone graft as a whole. Exchange nailing with
autogenous cancellous bone graft seems to be an effective method of treatment in femoral shaft nonunion after
intramedullary nailing. It provides a good scope to reinforce the optimum mechanical stability by a larger diameter
nail and locked if necessary; as well as biological stimulation by reaming and open bone grafting.
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femoral shaft fractures [3-6]. It has lower rates of
infection and non-union than plate fixation [7-9]. As a

INTRODUCTION

Femoral shaft non-union is a functional and

economical challenge for the patient as well as a
treatment dilemma for the surgeon [1]. After the advent
of skeletal radiography internal fixation of fractures has
been proposed by ‘The Association for Osteo-synthesis
(AO)’ as a means of preventing the development of
fracture disease and early recovery [2]. Intramedullary
(IM) nailing is the gold standard for the management of

load sharing implant, it allows earlier weight bearing
after  surgery [10-11]. Closed intramedullary
interlocking is preferred to open procedures to preserve
periosteal blood supply and minimize surgical trauma
adjacent to the fracture.’” Open interlocking is often
used in developing countries due to various
constrains[13-15]. Unlocked nailing (K-nail)is still
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useful for the management of non-comminuted isthmus
fractures of femur[16]. But recently, the incidence of
femoral shaft nonunion  after intramedullary
interlocking nailing is higher (20% to50%) [17-19] in
both close and open method than previously reported
(0% to 10% in close method; [3, 20-23] 0% to 20% in
open interlocking, up to 25% in k-nail fixation of
isthmus fracture [15]). This may be due to the greater
likelihood of survival of the poly traumatized patient
and improved limb salvage techniques. It may also be
influenced by severity of the injury, damage to the
surrounding soft tissues, inadequate initial fixation, and
demographic characteristics of the patient, advanced
age, medical co-morbidities including nicotine and
excessive NSAIDs use[1]. Early weight bearing has
been reported to be safe and facilitate fracture healing.
Exchange nailing can ensure early ambulation and
fulfill concept of fast track orthopedics with excellent
functional outcome [30-36]. Closed reamed exchange
nailing was reported to be the best treatment for non-
union of femoral shaft fractures but the entire non-union
could not be treated with only closed exchange nailing
[28]. A significant number of patients who undergo
closed reamed exchange nailing will require additional
procedures to achieve fracture healing like isolated open
bone graft, nail dynamization and compression plating
etc[18]. It was noted that patients subjected to an open
bone grafting procedure during exchange nailing united
more quickly (mean union time 24.6 weeks) than closed
technique (mean union time 36.2 weeks). But this did
not achieve statistical significance (p =0.14)[37].
Another study showed union rate in both methods was
100%; but union period for the closed technique was
4.0 + 0.6 months, whereas it was 5.1 + 0.8 months for
the open technique [38]. Success rates of exchanged
reamed IM nailing by either close or open method are
as high as 100% have been reported [39]. In contrast, a
recent study reported a 47% failure rate for exchange
reamed femoral nailing; which demands further
evolution of this procedure[18] Moreover, non-union
treatment increases in complexity as the components of
the non-union increases. When any deformity or broken
intramedullary nail is present, fracture site opening is
mandatory. When atrophic non-union present excision
of all necrotic and sclerotic bone, decortications must be
carried out and extra cortical cancellous bone grafts
should be added [40]. In hypertrophied non-union,
callus loss its osteogenicity after a certain period [7], so
autogenous bone graft is a good option [39]. Fracture
site sub periosteal decortications and autogenous bone
grafting by Judet and Patel in 1972 reported excellent
result which was re-evaluated by Wu Oiang in 2001 in
China and reviewed by Ricardo J Pacheco in 2004 in
UK and describe this procedure as local stimulation for
union [29, 41, 42]. Due to non-availability of image
intensifier fluoroscopy in most of the centers of
developing countries; open exchange nailing with
autogenous bone graft are commonly practiced. But
evolution and records of these procedures are minimum
[14]. Considering all these facts, we have done a study

to evaluate the result of exchange nailing with
autogenous bone graft in aseptic femoral shaft
nonunion, including assessment of functional outcome
and influence of other factors on non-union. These
relatively poor results have sparked interest in the
development of newer implants, techniques and
biologic agents [24-26].

Aseptic non-union treatment should follow three
principles
a. Realignment b.Stabilization c.Stimulation[27]

There are several surgical options for treating
femoral shaft aseptic non-union which are initially
treated with intramedullary nails

Exchange  nailing-kuntscher’'s  nail  to
kuntscher's nail or kuntscher's nail to interlocking or
interlocking to interlocking with or without autogenous
bone grafting according to need for fracture stability

[1].

1. Plate Osteosynthesis [1]

2. Plate augmentation and bone grafting leaving the
nail in situ [28].

3. Osteoperiosteal decortications with bone graft and
either internal fixation using plates/intramedullary
rods or external skeletal fixation [29].

4. External fixator —Ilizarov technique[1]

5. Adjuvant treatment alternatives- Nail
dynamization, electrical stimulation, extra cortical
cancellous bone graft, bone marrow aspirate and
the application of newer biologics such as
BMPs(recombinant human BMP-7) etc.

Exchange nailing refers to the practice of
removing an already present medullary implant,
reaming the medullary canal to a larger diameter and
inserting a larger-diameter nail including inter locking if
needed. This technique stimulates bone union
mechanically and biologically. The biologic stimuli that
promote union following exchange nailing include the
deposition of autogenous bone graft at the nonunion site
and the stimulation of a periosteal healing response
through the process of femoral canal reaming [1].

REVIEW LITERATURES

It was recorded that Aztecs used wooden
intramedullary nails 500 years ago. Early orthopedic
surgeons such as Senn, Lambotte and Hey Grooves
investigated the use of lvory, bone and metallic nails
[12]. Intramedullary nail fixation of femoral shaft
fractures with the use of clover shaped was popularized
by a German Orthopedic Surgeon, Kuntscher during the
2" World War. Though the principle was well known
as Lambotte of Antwerp in 1913 and Hey Grooves of
Bristol in 1918 who used similar methods during the 1%
World War, but lack of inert metals was major handicap
[2]. Advancement in closed surgical techniques and
improvements in implant design including various type
of interlocking offer good control of limb length and
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rotational alignment [3,4,5]. Rates of non-union of
between 1% and 25% have been described after
intramedullary nailing including K-nail, interlocking
closed or open; but currently it is up to 50%[3-6,17-19].
Christensen N on 1973[55]; Nahigian SH, Rascher JJ,
Farrall JP on 1975[56], Kempf I, Grosse A, Rigant P on
1986[57] Wu cc, Shih CH on 1991 [58] described
intramedullary nailing for the treatment of delayed
union and non-union of  femoral fractures but rarely
distinguished between patients undergoing nail
exchange and those undergoing nail stabilization
following failure of another method such as plate
fixation. Most of these early studies demonstrated high
rates of osseous union, but the studies were
heterogenous in nature and the precise details of the
nailing procedure, such as the nail diameter and the
reaming technique, were rarely discussed. In 1972,
Olerud and Karlstrom [59] reported an exchange of an
intramedullary nail for a larger-diameter nail in the
treatment of a non-union of the tibia. The following
year, Christensen reported on nail exchange in nine
patients who were part of a series of thirty-five patients
treated with intramedullary nailing of a non-union of
the femur or tibia. The reported union rate at that time
in the entire series was 100 % [55]. Fracture site sub
periosteal decortications and extra cortical bone grafting
along with intramedullary rod in femoral shaft non
union was done by Judet and Patel in 1972; reported
excellent result [29]. Oh et al. 1% described a series of
fifteen femoral non-unions in which twelve were treated
with closed nail exchange; two patients had active
infection at the time of nail exchange. All patients had
osseous union [56]. Throughout the 1980s and early
1990s, several authors reported other examples of nail
exchange for treatment of non-union within larger series
of patients undergoing intramedullary nailing following
failure of other treatment methods [23, 57, 60]. On 1984
Harper reported that sixteen patients with femoral non-
union had osseous union following intramedullary
nailing. Eight patients in the series had undergone nail
exchange (five with concomitant open autogenous
bone-grafting); six of the eight had osseous union and
one additional patient had osseous union after a second
exchange to a larger diameter nail[60]. On 1986 Web et
al. described the results of intramedullary nailing of
femoral non-union in 105 patients, forty nine of whom
had been previously treated with intramedullary nailing
of the fracture. The overall rate of osseous union
following intramedullary nailing for the entire series
was 96%, but no specific details were given for those
forty nine patients treated with nail exchange [23]. On
the same year 1986 Klemm reported a series of thirty
six patients in whom infected femoral or tibial non-
union had been treated with nail exchange, continuous
irrigation suction drainage and antibiotic therapy. All
sixteen infected femoral non-unions healed and
nineteen of twenty infected tibial non-unions
healed[61]. In a series of sixty-six lower extremity non-
unions, Kempf et al. found that four of six femoral non-
unions and nineteen of twenty one tibial non-unions

united following nail exchange [57] Wu Chi-Chuan,
Chen, Wen-Jer on 1997 had done a comparative study
to see the effects of closed and open bone grafting
technique in exchange nailing for femoral shaft aseptic
non-unions [38]. Out of thirty five patients sixteen
treated by the closed technique and nineteen treated by
the open technique. All thirty five non-unions healed,
for a union rate of 100%. The union period with the
closed technique was shorter than with the open
technique (4.0 £ 0.6 months vs. 5.1 + 0.8 months; p <
0.01). The operating time with the closed technique was
also significantly shorter than with the open technique
(36 £ 7 minutes vs. 58 + 14 minutes; P < 0.01). There
was no significant difference in other parameters [38].
They concluded that the open bone grafting technique
should be used as the second choice when the closed
technique is inadequate (e.g. if there is rotational or
angular misalignment of several bone defects etc.). Yet,
either technique can achieve a very satisfactory
outcome[38]. But on 1999 Furlong A J, Giannoudis PV,
et al. reviewed records and radiographs of 25 patients
who had a reamed exchange femoral nailing (various
type of nail were used) for established aseptic non-
union. Twenty four patients (96%) united after
exchange without the need for an additional procedure.
The mean time to union was 29.75 weeks. Patients who
had open bone grafting performed at the same
procedure tended to unite quicker, but this did not
achieve statistical significance (p = 0.14). Union times
were not affected by smoking habits or nail type. They
concluded that the nail type is less important than the
biological effects of reaming, bone grafting and
dynamization [37]. Hak DJ. LeeSS, Goblet JA. On 2000
reported their investigation on success of exchange
reamed femoral nailing in the treatment of femoral non-
union after intramedullary nailing and analysis on
factors those may contribute to failure of exchange
reamed femoral nailing [17]. They work on 23 patients;
all were treated by exchange reamed femoral nailing for
their femoral shaft non-union or delayed union. The
diameter of the new nail was 1 mm to 3 mm larger than
that of the previous nail (the majority were 2 mm
larger). The intramedullary canal was over-reamed by 1
mm more than the diameter of the nail [17]. Most of the
nails were statically locked and care was taken to avoid
distraction of the non-union site by reverse impaction
after distal interlocking was performed or by applying
compression with a femoral distracter. Eighteen patients
out of twenty three healed without additional procedure
(78.3%). Of the five patients whose fractures failed to
unite after exchange nailing, all were smokers and all
had atrophic non-unions. Three of these patients
achieved union after subsequent procedures; one after
repeat exchange reamed nailing and two after iliac crest
bone grafting. Another patient has recently undergone
dynamization of her nail. The final patient, who has an
atrophic subtrochanteric non-union following multiple
operative procedures, has recently undergone repeat
exchange nailing combined with iliac crest bone
grafting. They also reported that in their series all of the
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eight non-smokers healed after exchange reamed
nailing. Only ten of the fifteen smokers (66.7%)
achieved union after exchange reamed nailing (95%
confidence interval, 43.1 to 90.9%)[17]. In this article
author recited from other author’s article about effects
of nicotine on the rate and strength of long bone
fracture  healing. Nicotine has been shown
experimentally to affect union rate and fracture callus
strength. One mechanism for nicotine’s detrimental
effect may be a delay and decrease in revascularization
of the associated bone graft. Clinical observations have
suggested an inverse relationship between smoking and
healing in spinal fusion patients. Schmitz et al. reported
that the average time to union in closed and grade 1
open tibia fractures was 70% longer in smokers[17] On
2000 P. Tornetta Ill, D. Tiburzi reported a prospective
randomized comparison of antegrade and retrograde
procedures in 68 patients with 69 fractures of the
femoral shaft. All nails were inserted after appropriate
reaming. There was no difference in operating time,
blood loss, and technical complications, size of nail or
reamer or transfusion requirements. Pain in the knee
was commonly reported by the retrograde group in the
period soon after surgery, but resolved in most cases,
usually with return of quadriceps strength. At the time
of union of the fracture there was no difference in pain
in the knee between the two groups. There was no other
difference in the outcome of the patients [62]. On 2000
P. V. Giannoudis, D. A. Mac Donald et al. reported

their retrospective review article about the influence of
various factors including reaming and non-steroidal
anti-inflammatory drugs on non-union of the femoral
diaphysis. They found no significant relationship
between the rate of union and the type of implant, mode
of locking, reaming, smoking habit. They found a
marked association between non-union and the use of
NSAIDS after injury (P = 0.000001)[63] (Table-1). But
in subsequent studies it is now established that reaming
is essential both in acute fracture and exchange nailing
in non-union management [63]. Pihlajama Ki HK, et al.
on 2002 stated that autogenous extra cortical bone
grafting alone proved to be insufficient in their study
[51].

On 2003, Paul A, et al. reported their single
centre prospective study of exchange nailing for aseptic
non-union of a femoral fracture. They showed that a
significant number of non-union required additional
procedures to achieve union [65]. On 2003, Canadian
Orthopaedic Trauma Society published their report after
a multicenter, prospective randomized clinical trial on
224 patients to compare nailing without reaming and
nailing with reaming. They concluded that
intramedullary nailing of femoral shaft fractures
without reaming results in a significant higher rate of
non-union compared with intramedullary nailing with
reaming [20].

Table 1: review of the literature on contemporary technigues of exchange nailing

Anatomic Total Infection at Bone- Interlocking of Osseous Average Time to
Region/Study cases Time of Grafting at Exchange Nail Union Osseous Union
Femoral diaphysis Exchange Time of After One Following
Nailing Exchange Exchange Exchange
Nailing Nailing Nailing (mo)
Wu andChen[38], | 16 0 (0%) 0 (0%) Dynamic (56%), 100% 4
1997 unlocked (44%)
Furlong et al.[37], | 22 0 (0%) 12 (48%) Static (16%) dynamic | 95% 7
1999 (84%)
Hak et al.[17], 23 5 (22%) 0 (0%) Static(70%) dynamic | 78% 10
2000 (26%), unlocked (4%)
Weresh et al.[18], | 19 Not reported | 4 (21%) Static(79%) dynamic | 53% 8
2000 (21%)
Wu and Chen[64], | 36 0 (0%) 0 (0%) Static (14%) dynamic | 92% 4
2002 (86%)
Pihlajamaki et 18 0 (0%) 4 (22%) Not reported 78% <6
al.[51], 2002
Banaszkiewicz et 19 0 (0%) 0 (0%) Static (47%) dynamic | 58% 9
al.[65], 2003 (32%), unlocked
(21%)

On 2004, Ricardo J Pacheco reviewed the
management of non-union in trauma and stated that
non-union treatment should follow three principles: a)
realignment b) stabilization ¢) stimulation [42]. On
2007, WuUCC reported his work to determine effective
size of over-reaming. He found that the diameter of the
new intramedullary nail should be as large as possible
to reinforce the mechanical strength of the repair. The

osteogenic potential stimulated by the reaming of
cancellous bone graft was similar with over-reaming of
1mm and with over-reaming of 2 mm or more [66]. On
2006-2007, Dr.Sharkar KM did a study on exchange
nailing for femoral shaft nonunion by SIGN nail in
NITOR, Dhaka. In this study, number of cases was 28;
mean age was 40.77years and male female ratio was
3:2. Rate of fracture healing was around 80%, average
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union period was 28.09 weeks. Final outcome was
60.71% excellent,21.43% good,10.72%fair,7.14% poor
according to Thoresen's score[67]. On 2007 Henn G J
et al. worked on a new procedure for femoral shaft non-
union. They introduced plate augmentation and bone
grafting for the treatment of femoral shaft non-union,
leaving the interlocking intramedullary nail in situ to
remove the rotational instability of the fracture
fragments. Thirty-one patients with non-union of a
femoral shaft fracture, who had been treated with
interlocking intramedullary nailing, were examined.
Twenty six had been oligotrophic non-union and five
were hepervascular.  Fortyfive procedures were
performed for 31 non-unions; bone grafting for 14;
exchange nailing for 13; plate augmentation and bone
grafting for 14 and dynamization for 4 cases. The
success rate after a single procedure was only 58%. The
four dynamization cases failed to unite. Seven of the 13
(54%) non-union cases treated with nail exchange
healed satisfactorily. All cases treated with plate
augmentation and bone grafting achieved successful
union. The mean period from fracture to union was 20
months. So they concluded only exchange nailing is not
always a reliable procedure for treating non-union of
femoral shaft fracture. Other procedures might be
essential for union [68].

x on_for
Ligamentum Teres

nner

Adductor Tubercle
and Adductor Magnus

SURGICAL ANATOMY [69, 70, 71]

The femoral shaft is an essentially a tubular
structure, it flares posteriorly along the linea aspera,
where its cortical thickness is the greatest. The linea
aspera or rough line (Latin) serves as a site of
attachment for the fascia. The proximal and distal
metaphyseal widening of the tube in the subtrochanteric
and the supracondylar regions of the bone results in
stress concentrations at these levels. The most
prominent features of the femoral shaft are its anterior
bow or antecurvatume. Most modern intramedullary
nails are prebent, with an average 11 to 12 mm high
arch at their midpoint to accommodate the bow.
Straight, stiff implants used in the early years of
femoral nailing straightened the shaft, leaving a
posterior gap at the fracture site. Straight nails also
resulted in fracture comminution and occasionally even
perforation of the anterior cortex. The femoral shaft is
subjected to major musculature forces that deform the
thigh after a fracture. The action of the gluteal
musculature that inserts on the greater trochanter
abducts the proximal Femur after subtrochanteric and
high proximal shaft fractures. These proximal third
fractures of the shaft also are flexed and externally
rotated by the action of iliopsoas musclesspan.
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Technical Aspects of Exchange Nailing

Locked Compared with Unlocked Nails: Many
authors have stated that locking screws are often
unnecessary in exchange nailing. These authors have
proposed that locking of the exchange nail is necessary

only when there is instability of the construct or a
periarticular nonunion with a small distal or proximal
fragment. Some investigators have found no difference
in the healing rates or time to union between patients
treated with a statically locked nail and those treated
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with a dynamically locked nail. One report showed the
time to osseous union to be longer for fractures treated
with a statically or dynamically locked exchange nail
than for those treated with an unlocked exchange nail.

Unlocked or dynamically locked nails allow
gradual compression at the nonunion site during weight-
bearing and may promote osseous union. Gradual axial
compression at the nonunion site can be attained with a
statically locked exchange nail if it has slotted
interlocking holes. Acute compression at the nonunion
site can be obtained intraoperatively either with reverse
impaction of the nail or through the use of a femoral
destructor.

Slotted Compared with Closed-Section Nails:
The optimal bending rigidity and torsional rigidity for
an intramedullary nail are unknown. Increasing the
rigidity of the nail increases the stability of the nail-
bone construct, but a nail that is too rigid may increase
the risk of comminution at the time of insertion even if
the medullary canal is reamed to a diameter 2 mm larger
than that of the nail. Closed-section and open-section
(slotted) intramedullary nails have comparable bending
rigidities and strengths. The bending rigidity of both
types of nails increases proportionately with the fourth
powers of the inner and outer radii of the nail, while the
strength increases proportionately with the third power
of the radius. Thus, a larger-diameter nail provides
higher bending rigidity and strength. Clinically, the
decrease in bending rigidity attributable to the slot in
the nail is small and does not result in a meaningful
difference compared with the bending rigidity of a
same-sized closed-section intramedullary nail.  In
contrast, the torsional rigidity of a closed-section nail is
many times higher than that of a slotted nail. The
torsional rigidity of a closed-section nail increases
proportionately with the fourth powers of the inner and
outer radii of the nail. Thus, a larger-diameter closed-
section nail has higher torsional rigidity. The torsional
rigidity of a slotted intramedullary nail, however,
increases not with the nail radius but with its
circumference and the third power of the wall thickness
of the nail. For example, a 10-mm open-section nail
with a 2-mm slot would have to have a wall thickness of
nearly 4 mm to have the same approximate torsional
rigidity as a 10-mm closed-section nail of the same
material with a wall thickness of 1.2 mm. It is difficult
to draw any conclusions from the literature or make any
recommendations regarding the relative benefits of
slotted compared with closed-section nails in exchange
nailing of long-bone nonunion.

Nail Diameter: Appropriate exchange-nailing
technique includes the insertion of a nail of a larger
diameter than the nail being removed. The exchange
nail should be at least 1 mm larger in diameter, but use
of a nail that is 2 to 4 mm larger in diameter greatly
increases the stiffness and strength of the construct. The
literature contains little definitive information regarding

the optimal increase in nail diameter to be used in
exchange nailing. The surgeon should be guided by
clinical judgment based on the diameter of the
medullary canal, the degree of under sizing of the
previous nail, the thickness of the cortex, and other
o0sseous and patient characteristics.

Reaming: The literature also provides little
definitive information regarding the optimal amount of
reaming to be performed during exchange nailing.
Court-Brown et al. stated: "Successively larger bits, by
0.5 mm each time, are used to remove endosteal fibrous
tissue until bone is seen on the end of the drill-bit,
usually at about a diameter of 1 mm above the original
reaming. More reaming is required if the original nail
had been of an inappropriately small diameter." Authors
have recommended; over reaming by an amount 1 to 2
mm greater than the diameter of the new nail being
inserted, and the use of sharp reamers, with slow
gradual reaming.

Bone-Grafting: The indications for open extra
cortical cancellous bone-grafting during exchange
nailing remain obscure, and no consensus of opinion
can be found in the literature. Several specific options
are available when bone-grafting is used in concert with
exchange nailing. These include (1) open bone-grafting,
whereby the graft material is delivered directly to the
nonunion site through an incision overlying it; (2)
bone-grafting after refashioning and decortications of
nonunion site; (3) intramedullary grafting, whereby the
surgeon reinserts the reaming products collected from
the reaming flutes back into the medullary canal to the
level of the nonunion using a chest tube; and (4)
delivery of autogenous iliac crest bone graft to the site
of injury through the medullary canal by means of a
chest tube. Some authors stated that they added
cancellous bone graft by opening the nonunion sites
during exchange nailing because of the low healing
potential of nonunion and the low morbidity of the bone
grafting procedure.

OBJECTIVES

General

e To evaluate the results of exchange nailing with
autogenous cancellous bone graft in aseptic
nonunion of femoral shaft.

Specific
e To calculate the union rate and time period for
union.

e To find out complications rate.

e To analyze effects of other factors that may
influence fracture healing during this procedure.

e To evaluate the final outcome ( using modified
Thoresen’s scoring system [4,14] ; modified
Silvia’s scoring system[53] and Short-Form
Musculoskeletal Function Assessment Survey :SF-
MFAS [54])
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MATERIALS & METHODS

Study design: Quasi experimental (Prospective
interventional study with pre and post procedure
design).

Study period: 01/ 07/2015 to 30 / 06/2017 (24 months)
Place of study: Dept. of Orthopaedic surgery, PMCH
and clinics in Pabna, Bangladesh.

Sampling population: All patients with clinical and
radiological evidence of femoral shaft non-union after
intramedullary (IM) nailing (either locked/ unlocked) in
acute fracture admitted in Hospitals for re operation.

Sample size:  Sample size was calculated by using
following statistics
No_ZPQ

e

Here, Z is the confidence limit, P is the
prevalence rate and Q is 1-P (or, proportion of persons
not suffering from the disease), d is the acceptable
standard error and n is the required sample size.

Disorders of union occur in some 5-10% of
long bone fractures varying with each bone and with
different methods of treating acute fractures [74].

Z= 1.96, P= 0.075 (taking 7.5% as prevalence), Q=0.925,
d=0.05
So, n = {(1.96)? x 0.075 x 0.925}/0.052 =102

Sample size should increase 10% due to non-respond
that is 112

However in this study 20 patients were
studied; due to time and financial constraint. Initial
target was to enroll 112 patients, but following
operation, majority of the patients were reluctant to
follow up visit and that was increased more after 3"
visit (at the end of 10™ weeks) when advised for 50%
to one crutch assisted weight bearing. 21 patients were
finally recorded for study. Among them 1(one) patient
was lost after 14 weeks before fracture healing. Culture
of the 1% reaming materials revealed growth in 2 cases.
So, final outcome, analysis and test of significance were
done with 18 patients.

Sampling technique: Purposive sampling was
done according to availability of the patients and strictly
considering the inclusion and exclusion criteria.

INCLUSION CRITERIA

1. Patient age > 18 years to < 70years.

2. Patient with femoral diaphyseal non union; treated
by prior IM nailing with or without interlocking,
developed nonunion.

3. Aseptic nonunion with <2 cm of shortening or < 1
cm gap non union.

4. Lax/mobile angular or rotational mal-alignment;
that are varus or valgus, internal or external
rotation.

EXcLUsION CRITERIA

Patient age < 18 years and > 70years.

Patient with pathological fracture.

Infective case of nonunion.

History of irradiation.

Aseptic non union with more than >2 cm of

shortening, >1 cm of gap non union.

6. Patient who developed a nonunion after a rotational
osteotomy, closed femoral shortening or
lengthening procedure.

7. Patients suffering from Systemic illness like
Diabetes, COPD etc.

arwbdE

Follow up: Follow up schedule described in
appendices. At least 1 year was targeted to evaluate
final functional outcome where union were anticipated
within 9 months. Further surgical intervention was
recommended to patients whose radiographs will not
show progression to healing by 9 months after exchange
reamed IM nailing.

Data collection procedure: Data was collected
with a pre-tested structured questionnaire containing
history, clinical, laboratory investigations, peri
operative and follow up findings in a formulated sheet.
Data sheet was formulated to evaluate the final
outcome according to modified Thoresen's scoring
system [4, 14]; modified Silvia's scoring system [53]
and Short-Form Musculoskeletal Function

Assessment Survey SF-MFAS [54]

To test of hypothesis pre procedure/ post
procedure design was formulated in final functional
outcome assessment according to SF-MFAS.

Data collection sheet: Data collection sheet is included
later on.

Variables:

A. Demographic variables
Age

Sex

B. Base line variables
Side and Type of injury
Fracture Configuration Winquist Type
Type of previous fixation
Non Union Period

Status of Previous Implant
Non Union Type

C. Mechanical variables
Exchange Nail

Nail Dynamization

D. Biological Variables
Smoking

NSAIDS

Percutaneous Bone Graft or BMP
E. Outcome Variables:
Complications
Achievements

Fracture Healing
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Union time.

Final outcome

Modified Thoresen’s score

Modified Silvia’s score

SF-MFAS: (Short-Form Musculoskeletal
Assessment Survey)

Function

Analytic frame work: Data was processed and
analyzed using computer software program SPSS
version 19. The data present on categorical scale was
expressed as frequency and corresponding percentage,
while the quantitative data was presented as mean and
standard deviation (SD). Comparison between
preoperative and postoperative data was done using

Wilcox on Signed Rank test. Post-operative final
outcome was evaluated using Z- proportion test, chi-
square test, confidence interval. For all analyses level of
significance was set at 0.05 and p-value <0.05 was
considered as significant.

Ethical issue: Informed written consent was
taken from the patient duly informing the procedure of
treatment anticipated result, possible advantages, and
disadvantage and complications considering all ethical
issues according to protocol was duly passed by Ethical
Committee, PMC. Confidentiality was maintained both
verbally and documentary by using separate locker and
computer password.

Table-2: Modified Thoresen's Score [4, 14]

Criteria Result

Excellent | Good | Fair | Poor
Malalignment of femur  (degrees)
Varus/Valgus 5 5 10 >10
Antecurvatum/Recurvatum 5 10 15 >15
Internal rotation 5 10 15 >15
External rotation 10 15 20 >20
Shortening of femur (cm) 1 2 3 >3
Knee motion (degree)
Extension deficit 5 10 15 >15
Flexion >120 120 90 <90
Pain / swelling None Minor | Significant | severe
Nonunion/Nail breakage Absent Absent | Absent present

with 18 patients. At least 1 year follow up was targeted
to evaluate final functional outcome where union were
anticipated within 9 months. But in this study total
follow-up period was 38.60+5.951 weeks. Postoperative
SF-MFAS Function Index and Postoperative SF-MFAS
Bother Index were taken according to last follow-up
assessment.

OBSERVATIONS AND RESULTS

From July 2015 to June 2017, more than 30
patients of femoral shaft aseptic non-union could be
recorded which were treated by exchange nailing with
autogenous bone graft technique at PMCH, and clinics
at Pabna. 21 patients were finally recorded for study.
Among them 1(one) patient was lost after 14 weeks
before fracture healing. Culture of the 1% reaming
materials revealed growth in 2 cases. So, final
outcome, analysis and test of significance were done

OBSERVATIONS
Demographic variables, Age —Sex distribution

Table-3: Age Group and Sex Cross tabulation (n=21)

Age Group Sex Total
Male | Female

21-30 4 1 5
19.0% | 4.8% | 23.8%

31-40 4 0 4
19.0% | .0% 19.0%

41-50 4 2 6
19.0% | 9.5% | 28.6%

51-60 4 2 6
19.0% | 9.5% | 28.6%

Total 16 5 21
76.2% | 23.8% | 100.0%

Mean age 41.95 Years; SD + 13.11; Male: Female = 3.3:1
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15 (71.4%) patients were within 21-50 years;

which are most active ages in our society. Another
6(28.6%) were within 51-60 years. Male patients were
more (16 patients-76.2%) than female patients (5

patients-23.8%); as male are habituated with taking
more physical load [Table-3].

Base line Variables Side involvement —Type of injury

Table-4: Side involvement and Type of injury (n=21)

Side involvement | Type of injury | Total

Open | Close

Right 3 9 12
14.3% | 42.9% | 57.1%

Left 0 9 9
.0% 42.9% | 42.9%

Total 3 18 21

14.3% | 85.7% | 100.0%

Among 21 patients femoral fracture involved
at right side in 12 patients (57.1%), involved at left side
in 9 patients (42.9%). 18 fractures (85.7%) were close
and 3 fractures (14.3%) were open [Table-4].

Fracture Configuration Winquist Type

60.00% -

50.00% -

40.00% -

30.00% -+ L

20.00% -

10.00% -

0.00%

| Il I} v

Fig-2: Bar diagram showing fracture Configuration Winquist
Type (n=21)

Initial fracture configuration was mostly
Wingquist Type 111 (inl12 patients- 57.1%), then Type Il
in 28.6 %( 6 patients) and Type | in 9.5 %( 2 patients).
Only one patient (4.8%) had Type IV fracture [Figure-
2].

Type of previous fixation
Non Union Period

70.00% -

60.00% -

50.00% -
40.00% -

30.00% -

20.00% -
10.00% -
0.00%

K-Nail Conventional ~ Sign Nail K-Nail +
Interlocking Plate

Fig-3: Area graph showing type of previous fixation (n=21)

Among 21fracture Shaft Femur, 13 fractures
(61.9 %) were previously fixed by K-Nail. Another 6
fractures (28.6 %) were previously fixed by
conventional Interlocking Nail. Sign Nail and K-Nail +
Plate were used in 1 fracture (4.8 %) separately [Figure-
3]

25—

204

15—

Percent

— 1 1 T T T T T T T T T T T I
28 32 38 40 42 44 52 56 60 72 78 104 110 120 156 208
Non Union Period: (wks)

Fig-4: Area graph showing frequency of non union period (n=21)

Mean nonunion period was 76.38 + 48.38
weeks, where 5 patients (23.8%) were around 44-56
weeks and 2 patients (9.5%) werel20-208 weeks
delayed [Figure-4].
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Status of Previous Implant

80—

60—
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20—

T T T
intact nail breakage Screw breakage Migration
status of previous Implant

Fig-5: Area Graph showing status of previous Implant (n=21)

Among 21 cases, 14 (71.5 %) previous implant

were intact. While 3 (14.3 %) implant were Nail
breakage, 2 (9.5%) implant were migrated and 1 (4.8

%) implant was screw breakage [Figure-5].

Non Union Type

45—

20|

25—

20—

15—

T
Hypertropic

T
Oligotrpopic
Non-union Type

T
Atropic

Mechanical variables Exchange Nail

100

80—

60—

Percent

40|

20

T T T
K-nail Conventional Interlocking Sign Nail
Exchange Nail

Fig-7: Area graph Type of nail used in Exchange Nail (n=21)

Among 21 cases, 17 (80.95%) Exchanged nail
were Conventional interlocking, while 2 (9.52%) were
Sign Nail and remaining 2 (9.52%) case were K-Nail
[Figure-7].

60.00%
40.00% +
20.00% 4+~

No

Early Late

0.00%

Fig-8: Bar diagram showing frequency of Nail Dynamization
(n=21)

Out of 21 patients in 11 patients (52.4%)
dynamization did not required. Among another 10
patients early dynamization was done in 6 patients
(28.6%) and late dynamization was done in 4 patients

Fig-6: Line Graph showing Non union type among the study
population (n=21)

Among 21 cases, non-union type of 4 (19 %)
were Hypertrophic, 9 (42.9%) cases were Oligotrophic
and 8 (38.1%) cases were Atrophic [Figure-6].

(19%) [Figure-8].

Biological Variables

60.00%

40.00% 1

20.00% /
g

0.00% -+ v v
Growth No Growth ~ Not Done

Fig-9: Bar diagram showing culture of 1% reaming material
(n=21)
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Culture of the 1st reaming materials Among 18 Patients, 8 (44.44%) Patients did not
Among 21 cases, culture of the 1% reaming required NSAIDS >4 weeks [Figure-11]
materials were done in 14 cases (66.7%) and not done
in 7 cases (33.3%).bGrowths was found in 2 cases (9.5
%) which were Staph. epidermidis where Amoxiclave other Procedure

was sensitive. In 12 cases (57.1%) growth were not
found [Figure-9].

100

Smoking

80

Smoking
@ vYes

@ No 60—

Percent

20

20

:

T T
Percutaneous Bone Graft Not done
Other Procedure

Fig-12: Bar diagram showing distribution of other procedures
(n=20)

Among 20 Patients, Percutaneous Bone Graft was done
in case 2 (10%) patients [Figure-12].

Fig-10: Pie chart distribution of smoking. (n=18) Outcome Variables Achievements:

. . Fracture Healing
Among 18 Patients, 8 (44.44%) Patients were smoked

after exchange nailing [Figure-10].

Fracture Healing
@ Union

NSAI DS @ Non union

NSAIDs
@ Yes
@ No

Fig-13: Pie chart showing distribution of fracture healing (n=18).

Among 18 fractures, 15 fractures (83.33%) was united
and 3 fractures (16.67%) were not united [Figure-13].

Fig-11: Pie chart distribution of NSAIDS >4weeks. (n=18)

Union Time
Table-5: showing union time after exchange nailing (n=18)
N | Mean | SD | SE 95% Confidence Interval of the Difference

lower Upper
Union time (weeks) | 16 | 26.00 | 4.5 | 1.095 | 23.49 28.51

Mean union time was 26.00 +4.5 weeks; Where 95% confidence interval was 23.49-28.51 weeks [Table-5].
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Complications according to categories

Table-6: Categories of Complications with frequency distribution (n=18)

Complication Frequency | Percentage %
<50
50-10° 1 5.6
Unacceptable >10°
Limb length discrepancy | Acceptable Lower limbs equalization 17 94.4
Shortening existing as previous
Unacceptable | Shortening > previous surgery 1 5.6
Pain and swelling Acceptable No 17 94.4
Minor
Unacceptable Significant 1 5.6
Severe
Infection Acceptable No 16 88.88
Unacceptable Wound infection 2 11.12
Bone infection
Joint Motion Acceptable Normal 17 94.4
Flexion up-to 90°
Unacceptable <9Q° 1 5.6
Implant Failure Acceptable Absent 17 94.4
Unacceptable Present 1 5.6

Final outcome Modified Thoresen’s Score

m Satisfactory
B Unsatisfactory

Fig-14: Pie chart showing outcome according to modified Thoresen’s score

Satisfactory= Excellent (28%) + Good (50%) =78%Unsatisfactory= Fair (5.6%) + Poor (16.4%) =22% 95%
Confidence Interval of satisfactory outcome = 58.87% - 97.13% [Figure-14].

Modified Silvia’s score

Table-7: Showing final outcome according to Silvia’s score (n=18)

N | Mean | SD | SE 95% Confidence Interval of the Difference
Upper Lower
Silvia's Score | 18 | 10.83 | 2.23 | 0.488 | 9.74 11.93

According to modified Silvia’s score, final
outcome of exchange nailing in this study was 10.83 +
2.203 where 95% Confidence interval was 9.74-11.93.

Lowest out come at 95% Confidence interval was 9.74;
that is almost 10. According to modified Silvia’s score
this outcome is graded as “Good™ [Table-7].

SF-MFAS: Short-Form Musculoskeletal Function Assessment Survey

Table-8: Pre-operative and post operative SF-MFAS (n=18)

Index Index
Preoperative SF-MFAS Function Index | 46.62+10.96 | Postoperative SF-MFAS Function Index | 5.17+6.95
Preoperative SF-MFAS Bother Index 37.26+£12.59 | Postoperative SF-MFAS Bother Index 4.65+6.58
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Postoperative SF-MFAS Function Index and
Postoperative  SF-MFAS Bother Index were taken
according to last follow-up assessment among 18
patients. Function index and Bother index also were
calculated within the patients whose fractures had
united after exchange nailing. Function index was
2.5£1.7 and Bother index was 1.89+1.08. Less the index
means more the functioning [Table-8].

ANALYSIS
Fracture Healing

Among 18 fractures nonunion, 15 fractures
(83.33%) were united and 3 fractures (16.67%) were
not united after exchange nailing with autogenous bone
graft in aseptic condition [Table-9].

Table-9: Showing distribution of fracture healing and Statistics

Fracture healing Frequency Percent Confidence Interval at 95%
level(Union rate)
Union 15 83.33%
Nonunion 03 16.67% 66.08%-100%
So, it could be said that after exchange nailing Union rate will be minimum 66.08% as well as
with autogenous bone graft in femoral shaft non union; maximum 100%.
Union Time
Table-10: showing union time after exchange nailing and Statistics
Mode Frequency of Mean SD 95% Confidence Interval of the
union Difference
Lower Upper
Exchange nailing 15 26.00 4.5 23.49 28.51
Exchange nailing static 6 29.33 3.01 26.17 32.49
Exchange nailing early 6 21.33 1.633 19.62 23.05
dynamic
Exchange nailing late 3 28.67 2.309 22.93 34.40
dynamic

Mean union time was 26.00 +4.5 weeks where
95% confidence interval was 23.49-28.51 weeks
including both static and dynamic mode of fixation. In
static mode mean Union time was a 29.33+3.01 week
whereas in early dynamic it was 21.33+1.63 weeks. It

was also calculated that after late dynamization mean
Union time was 28.67+2.309 weeks. There were not
enough cases to compute further statistics analysis
[Table-10].

Influence of various factors on Fracture Union and union time Age

Table-11: Showing relation between age and Union time

Mean | SD | N | Nonparametric Correlation Coefficient
Age 43.17 | 12.41 | 18 | 1.000
Union time (weeks) | 26.00 45 | 15

It is highly strong positive correlation; that means more the age more the union time [Table-11].
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Fig-15: Line Graph showing positive correlation between Age and Union time.
Smoking and NSAIDs

Table-12: Relation of smoking and NSAIDs with fracture healing

Factors Fracture Healing Union time (weeks)
Chi-Square Value (Pearson) | P -Value Chi-Square Value (Pearson) | p-Value
Smoking | 0.720 0.396(>0.05) | 10.00 0.040(<0.05)
NSAIDs | 2.88 0.090(>0.05) | 12.32 0.015(<0.05)

In this study, it was found that smoking and NSAIDs both had significant relation (p<0.05) with fracture union
time [Table-12].

Correlations between Non-union period and Union time

Table 13: Statistics between Non-union period and Union time
Mean | SD N | Correlation Coefficient
Non Union Period: (weeks) | 79.00 | 51.733 | 18 | 1.000

Union time (weeks) 26.00 45 | 15 | (+)ve

Highly strong (+) ve correlation between nonunion period and union time after exchange nailing [Table-13]
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Fig-16: Line graph showing
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Correlation between union time and non-union periods. More the nonunion period more the union time was
found in this series [Figure-16].

Influence of Multiple random factors on Union time at a time
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Non-estimable means are not plotted

Fig-17: Profile Plots showing Influence of fracture configuration, NSAIDS and smoking

When NSAIDs were used <4weeks and smoking was absent union time was less in Winquist type LI1, 111 .But
when smoking was present union time increased [Figure-17].

Estimated Marginal Means of Union time (wks)

at NSAIDs = No

Nail Dynamisation
No
Early
Late

28—
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22+
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Non-union Type
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Fig-18: Profile Plots showing influence of Non union type, NSAIDs and Nail Dynamization.

When, NSAIDs were used <4weeks early Nail
Dynamization reduced union time in hypertrophic and
oligotrophic nonunion than no dynamization. But on
atrophic non union dynamization had no influence
[Figure-18].

DiscussioN

From July 2007 to June 2008, more than 30
patients of femoral shaft aseptic nonunion were treated
with this technique at PMCH and clinics in Pabna. 21

patients were finally recorded for study. Among them
1(one) patient was lost after 04 weeks before fracture
healing. Culture of the 1% reaming materials revealed
growth in 2 cases. So, final outcome, analysis and test
of significance were done with 18 patients. One basic
work on exchange nailing with autogenous cancellous
bone graft were done by Wu and Chen from January
1989 to 1993 in China with 19 patients. They compared
this open method with close method (16 patients)[38].
Another basic work done by Furlong et al. on 1999 in
UK with 22 patients where open bone grafting was done
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in12 patients [37]. On 2006-2007, Dr.Sharkar KM did a
study on exchange nailing for femoral shaft nonunion
by SIGN nail in NITOR, Dhaka. Number of cases was
28[67]. Naturally 5-10% nonunion may occur in any
long bone fracture; [74] from this prevalence any study
on femoral nonunion should include at least 100
patients. Due to various constraints this large sample
experimental study was not done. Some retrospective
studies on hospital records were done but most of them
were again with less sample and inconsistent with this
procedure; which is more commonly done in developed
country. In this study exchange nailing with autogenous
cancellous bone graft were done for femoral shaft
nonunion in 21 patients. Among them 15 (71.4%)
patients were within 21-50 years; which are most active
ages in our society. Another 6(28.6%) were within 51-
60 years. Male patients were more (16 patients-76.2%)
than female patients (5 patients-23.8%); as male are
habituated with taking more physical load. Mean age
was 41.95years; SD * 13.11; Male: Female 3.3:1. Here,
a highly strong correlation was found between age and
union time .More the age more the union time. In the
series of Wu and Chen median age was 34 years and
male: female was 7:1. In Sharker’s series, mean age was
40.77 years and male female ratio was 3:2. In present
series among 21 patients most were heavy or moderate
worker (76%); other was sedentary worker. Almost all
fractures initially caused by motor vehicle accident.
Among 21 patients femoral fracture involved at right
side in 12 patients (57.1%), involved at left side in 9
patients (42.9%). 18 fractures (85.7%) were close and 3
fractures (14.3%) were open. Fractures involving left
side were 100% close but at right sided fractures about
75% were close and about 25% were open. Initial
fracture configuration was mostly Winquist Type 1l
(in12 patients- 57.1%), then Type Il in 28.6% (6
patients) and Type | in 9.5%(2 patients).Only one
patient(4.8%) had Type IV fracture. Among 21
fractures 13fractures(61.9%) were previously fixed by
K-nail, another 6 fractures (28.6%) were previously
fixed by conventional interlocking nail, SIGN nail and
K-nail plate were used in one fracture of remaining two
fractures. Among 21 cases, culture of the 1% riming
materials were done in 14 cases (66.7%) and not done
in 7 cases (33.3%). Growths was found in 2 cases (9.5
%) which were Staph. epidermidis where Amoxiclave
was sensitive and in 12 cases (57.1%) growth were not
found. In growth (+) ve cases antibiotics were given as
full dose for 6 weeks then continued as suppressive
dose up to union anticipated. One fracture healed within
26 weeks but another fracture not healed and clinically
no infection. Mean nonunion period was 76.38 + 48.38
weeks, where 5 patients (23.8%) were around 44-56
weeks and 2 patients (9.5%) werel20-208 weeks
delayed. In the series of Wu and Chen, some patients
under gone as many as four operations, and the
nonunion periods were as long as 4 years. In the series
one patient had under gone third operations [38]. In the
series, highly strong (+) ve correlation between
nonunion period and union time after exchange nailing

was found. Among 21 cases, 14 (71.5 %) previous
implant were intact. While 3 (14.3 %) implant were
Nail breakage, 2 (9.5%) implant were migrated and 1
(4.8 %) implant was screw breakage. Among 21 cases,
nonunion type of 4 (19 %) were Hypertrophic, 9
(42.9%) cases were Oligotrophic and 8 (38.1%) cases
were Atrophic. Among 21 cases, 17 (80.95%)
exchanged nail were Conventional interlocking, while 2
(9.52%) were Sign Nail and remaining 2 (9.52%) case
were K-Nail. Out of 21 patients in 11 patients (52.4%)
dynamization did not required. Among another 10
patients early dynamization was done in 6 patients
(28.6%) and late dynamization done in 4 patients
(19%). Mean union time was 26.00 +4.5 weeks where
95% confidence interval was 23.49-28.51weeks
including both static and dynamic mode of fixation. In
static mode mean Union time were 29.33+3.01 weeks
whereas in early dynamic it was 21.33+1.63 weeks. It
was also calculated that after late dynamization mean
Union time was 28.67+2.309 weeks. Court —Brown et al
have stated that locking screws are often unnecessary in
exchange nailing. These authors have proposed that
locking of the exchange nail is necessary only when
there is instability of the construct or a peri articular
nonunion with a small distal or proximal fragments[50].
Wu CC, Chen W J, have found no difference in the
healing rates or time to union between patients treated
with a statically locked nail and those treated with a
dynamically locked nail. [38] Hak DJ stated that
gradual axial compression at the non union site can be
attain with a statically locked exchange nail if it has
slotted interlocking holes[17] In this study, it was found
that smoking and NSAIDs both had significant relation
(p<0.05) with fracture union time. Oleksak et al. 2002
statistically shows that there is no significant difference
between smokers and nonsmokers in relation to fracture
healing but an increased time to union in the heavy
smoker group(>40 cigarettes per day)[42]. Hak DJ. Lee
SS, Goulet JA. on 2000 reported their investigation on
success of exchange reamed femoral nailing in the
treatment of femoral non-union after intramedullary
nailing and analysis on factors those may contribute to
failure of exchange reamed femoral nailing[17]. They
work on 23 patients; all were treated by exchange
reamed femoral nailing for their femoral shaft non-
union or delayed union. Eighteen patients out of twenty
three healed without additional procedure (78.3%). Of
the five patients whose fractures failed to unite after
exchange nailing, all were smokers and all had atrophic
non-unions. They reported that in their series all of the
eight non-smokers healed after exchange reamed
nailing. Only ten of the fifteen smokers (66.7%)
achieved union after exchange reamed nailing (95%
confidence interval, 43.1 to 90.9%). P.V.Giannoudis,
D.A.MacDonald et al. reported a marked association
between non-union and the use of NSAIDS after injury
(P = 0.000001) and delayed healing was noted in
patients who took NSAIDS and whose fractures had
united [37]. Daftari TK stated that nicotine has a
detrimental affect on fracture nonunion as it delay and
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decrease revascularization of the associated bone graft
[75]. Among complications unacceptable Angle
deviation 5.6%, Limb length discrepancy 5.6%, Pain —
Swelling 5.6%, Infection 11.12%, Joint motion
restriction 5.6%, Implant failure 5.6%. In the series of
Wu and Chen the knee range of motion in all cases did
not deteriorate compared with the preoperative status.
Furthermore, some cases even improved somewhat after
fracture healing. There were no wound infection, leg
length discrepancies (>2 c¢m), or rotational or angular
deformities (>15 degrees) noted. The operating time
with the closed technique was 36+/- 7 minutes and with
the open technique 58+/-14 minutes (p<0.01)[38]. In the
series of Wu and Chen all 19 patients of non union
treated by open method where union time was 5.1+0.8
months. Where as in closed method union rate was
100% but union period was 4.0£0.6 months. They
concluded that closed bone grafting should be use to
treat aseptic nonunion if possible. Otherwise open
technique could be used as second choice.®® In the series
of Furlong et al. [21] patients out of 22 had osseous
union after exchange nailing, all 12 patients in whom
autogenous bone graft has been placed at the non union
site at the time of the nail exchange had osseous union
after procedure. Average time to union was 7 months.*
Among 18 fractures nonunion, 15 fractures (83.33%)
were united and 3 fractures (16.67%) were not united
after exchange nailing with autogenous cancellous bone
graft in aseptic condition. Confidence Interval at 95%
level 66.08%-100%. Mean union time was 26.00 +4.5
weeks where 95% confidence interval was
23.49+28.51weeks including both static and dynamic
mode of fixation. Final outcome according to modified
Thoresen’s score Satisfactory78 %;( Excellent28%-+
Good50%) Unsatisfactory 22% (Fair5.6%+ Poor
16.4%). In Sharkar’s study, rate of fracture healing was
around 80%, average union period was 28.09 weeks.
Final outcome was 60.71% excellent,21.43%
good,10.72%fair,7.14% poor according to Thoresen's
score[67]. Though there are so many controversy about
SIGN nail (Tibial nail) used in femur; results of current
study almost compatible to Sharkar’s study. According
to modified Silvia’s score, final outcome of exchange
nailing in this study was 10.83 + 2.203 where 95%
Confidence interval was 9.74-11.93. So, it is 95% sure
that among whole population of femoral nonunion
treated by exchange nailing with extra cortical bone
graft  minimum Silvia’s score will be about 10; a
"Good” outcome. So, initial fracture fixation should be
accurate as much as possible. Two recent reports have
question the effectiveness of exchange nailing in the
treatment of non-union following intramedullary nailing
of comminuted fracture of the femoral diaphysis.
Weresh et al. reported that only ten of nineteen femoral
diaphyseal non-unions following locked intramedullary
nailing of comminuted fractures of the femoral
diaphysis went onto osseous union after treatment with
exchange nailing [18] Similarly Banaszkiewicz et al.
reported that only eleven of nineteen aseptic femoral
non-unions following locked intramedullary nailing of

high energy, comminuted fractures went onto osseous
union after treatment with exchange nailing alone. The
authors of both papers stated that since the introduction
of interlocking screws and other technological advances
intramedullary nailing is used to treat more complex
femoral fractures are more likely to go onto non-union
and that this non-union may not be appropriate for
exchange nailing [65-74]. Pihlajamaki et al. reported
that fourteen of eighteen patients with an aseptic mid-
shaft femoral non-union had osseous union after a
single exchange nailing procedure; all three patients in
whom an autogenous bone graft had been placed had
0sseous union after a single procedure [51]. In contrast,
Weresh et al. found that osseous union fail to occur in
three of four patients who had undergone open bone
grafting at the time of an exchange nailing [18]. In this
study total follow-up period was 38.60+5.951 weeks.
Postoperative ~ SF-MFAS  Function  Index and
Postoperative  SF-MFAS Bother Index were taken
according to last follow-up assessment. Function index
and Bother index also were calculated within the
patients whose fractures had united after exchange
nailing. Function index was 2.5+1.7 and Bother index
was 1.9+1.08. Less the index means more the
functioning. WuCC, Chen W J stated that, femoral shaft
nonunion are often combined with extension
contracture of the ipsilateral knee, which are usually
caused by quadriceps adhesion. Because releasing the
contracture usually requires extensive soft tissue
dissection and forceful manipulation, it can produce
additional severe vascular destruction, which has higher
infection rate and impedes the fracture healing process.
This procedure, therefore, should be postponed until the
nonunion site has healed, active and aggressive
exercises of knee may improve the knee range of
motion. Thus, later some cases may be unnecessary or
minimized with the dissection to improve the knee
function [38].

CONCLUSION

Exchange nailing with autogenous cancellous
bone graft seems to be an effective method of treatment
in femoral shaft nonunion after intramedullary nailing.
It provides a good scope to reinforce the optimum
mechanical stability by a larger diameter nail and
locked if necessary; as well as biological stimulation by
reaming and open bone grafting. Though union time is
longer (mean union time 26+ 4.5 weeks), union rate
(83.33%) is very much comparable. Functional outcome
is also substantial. Effects of smoking, NSAIDs and
prolonged nonunion period on healing should be
reevaluated.

LIMITATIONS AND
RECOMMENDATIONS

Limitations
Due to financial constraint following
operation, majority of the patients were reluctant to
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follow up visit and that was increased more after 3"
visit (at the end of 10™ weeks) when advised for 50% to
one crutch assisted weight bearing. Due to time
constraint required sample could not be collected.

Recommendations

To achieve success in exchange nailing with

autogenous cancellous bone graft for aseptic nonunion

of femoral shaft following measures should be
emphasized:
1. Realignment, optimum stable fixation and nail

2.
3.

selection should be standard as per requirement.
Less soft tissue handling and enough bone grafting.
1* reamed materials should be sent for culture and
sensitivity. If (+)ve, sensitive antibiotics as a full
dose for 6 weeks then continue as suppressive dose
up to fracture healing.

Early mobilization, weight bearing according to
fracture configuration.

Dynamization enhance healing but it is not suitable
and essential in all cases.

Due to inherent potentiality to non-union; after
exchange nailing union period could be prolonged.
Post-operative avoidance of smoking and less use
of NSAIDs may accelerate healing.
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