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ABSTRACT

Background: Humeral shaft nonunions are frequently seen in Orthopaedic practice. Osteosynthesis with bone
grafting is the treatment of choice. Locking compression plate (LCP) is the latest implant used in treating them. We
retrospectively evaluated the outcome of use of LCP in humeral shaft non-union resulted by both conservative
management and following failed internal fixations.

Methods: Eighteen patients with nonunion of humeral shaft in which ten were treated by traditional bone setters and
eight followed by failed internal fixation were included in these study. The mean duration of nonunion was 18.3
months (range 8-22). The mean follow up period was 18 months (range 12-26). The mean age of patients was 44.4
years (range 22-60). All patients underwent osteosynthesis with LCP and autologoous cortico-cancellous iliac crest
graft. The outcome measures include radiographic assessment of fracture union and preoperative and postoperative
function using modified constant and murley scoring system.

Results: All fractures united following osteosyntesis average time for union wasl15 weeks (range 10-24). We did not
have any delayed union or non-union. The complications were superficial infection (n=1) and wound haematoma
(n=1).Three patients with preoperative radial nerve palsy recovered at the end of four months. Functional evaluation
using constant-murley score showed excellent result in 14, good in 3 and fair in 1. We did not have any poor results.
Conclusions: LCP with cancellous bone grafting is a safe reliable option for all forms of humeral shaft nonunion. We
recommend it.
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INTRODUCTION

Humeral shaft fractures include 3 to 5% of all fractures.
Conservative management and open reduction internal
fixation is the generally accepted method of treatment in
adults. In modern era, even today patients still seek
treatment from the traditional bone setters which results
in nonunion. The incidence of nonunion of humerus has
been as high as 15% of all humeral fractures." Nonunion
of humeral shaft is a difficult problem to treat as it defies

all attempts to obtain healing, Jones w et al, stated
“Ironically, the treatment of recent fractures of shaft of
the humerus being so easy, the treatment of ununited
fractures is difficult and has threatened to be one of our

greatest failures”.?

Cast immobilization and bracing provides excellent
results in over 90% of isolated humeral shaft fractures,
but nonunion is a recognized complication.> Nowadays,
open reduction internal fixation either by intramedullary
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devices, plate fixation with dynamic compression plate
(DCP) has increased the nonunion rate from 8 t013%, it
is primarily due to improper surgical techniques and poor
selection of implants for a particular fracture pattern.*

Various modalities of treatment with various devices are
dynamic compression plate, angled blade plates, wave
plates with or without bone grafting either by an autograft
or allograft applied either onlay or inlay technique is
used. Locked intramedullary nails and ilizarov external
fixator has also been used in the management of
nonunion of humeral shaft fractures.* Locking
compression plate (LCP) is the latest device which is
used now as it is an useful implant in nonunion with
diffuse osteoporosis, nonunion with enlarged screw holes
due to previous surgeries, nonunions with cortical
thinning due to previous nails and gap nonunions.>®

In this present study, we retrospectively evaluated the use
of LCP in osteosynthesis of humeral shaft nonunion with
bone grafting.

METHODS

In our retrospective study of 18 patients with humeral
shaft nonunion treated between June 2012 and June 2015
at our tertiary care institution were reviewed. We defined
humeral shaft nonunion in our study as no evidence of
union after six month period. Humeral shaft is defined as
the part of humerus that is two centimeter below the the
surgical neck and three centimeter above the olecranon
fossa.” There were 12 males (67%) and six female (23%)
patients. The mean age was 44.4 years (range 22-60).
Right side was involved in ten (56%) and left side in
eight (44%).

The cause of injury was road traffic injury in 12 (67%)
patients, fall from height in five (28%) and one patient
had an assault (5%). Five (28%) patients had nonunion at
proximal third and middle third junction, ten (56%) had
nonunion at middle third of the humerus, three (16%)
patients had involvement of middle third distal third
junction. Ten patients (56%) were treated by traditional
bone setters, eight (44%) patients had some form of
internal fixation, (nails=2, LCP=4, DCP=2). The mean
duration of nonunion was 18.3 months (range 8-22). In
patients treated by traditional bone setters seven had
atrophic type, two had gap nonunion, one had
pseudoarthrosis. In patients with internal fixation, two
had atrophic variety and six had hypertrophic variety.

Out of 18 patients, three had radial nerve palsy. To rule
out the possibility of latent infection in preoperative
period, investigations such as erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP) and complete blood
counts were done. Anteroposterior, lateral and oblique
radiographs of the nonunion was taken. All patients were
taken up for surgery with informed written consent about
the complications and the need of bone grafting.

Operative technique

The surgical approach was decided according to the site
of nonunion. Anterolateral approach for upper and middle
third and posterior approach for those in the distal third.
Dissection was carried out to the nonunion site taking
care to identify and to protect radial nerve by all means.
In all three cases, with preoperative radial nerve palsy we
found that in two cases radial nerve was encased in scar
tissue and in one case it was beneath the plate. This was
very carefully dissected and freed. The previous implant
was removed and edges of nonunion ends were then
debrided of all soft tissue and dissected back to the
bleeding bone. Recanalization of the medullary canal was
done in both fragments. Intraoperative swab were
obtained in all cases.

In all cases, cortico-cancellous bone graft was harvested
from the iliac crest. We did not use any fibular strut graft.
The graft was filled intramedullary in both fragments and
they were reduced and stabilized using LCP by following
the proper principles of LCP. In most cases, we used
4.5 mm LCP with single plate in one case we used an
additional 3.5 mm additional LCP and bone graft was
added over the nonunion site. A minimum of eight
cortices were purchased on either sides of the fracture and
whenever a previous implant such as DCP were used, we
used a longer LCP to provide additional purchase over a
minimum of two cortices in each fragment.

The patients were put on intravenous antibiotics for three
days and continued with oral antibiotics for five days.
Suture removal was done at the end of 14 days. The limb
was immobilized in an above elbow slab for four weeks
following the surgery. Active shoulder and finger
mobilization was commenced immediately. We followed
the patients at two interval for the first month,
radiographs were taken, plaster was removed at the end
of four weeks. Assisted shoulder and elbow exercises
were commenced immediately. Then the patients were
followed up at monthly intervals till radiographic union
and then every six months for a minimum period of one
year. All three patients got recovered from radial nerve
palsy at the end of fourth month.

The mean follow up period was 18 months (range 12-26).
The functional outcome was done by using Modified
Constant and Murley Scoring.® The scoring was obtained
before and after osteosynthesis and at each follow up.
Successful union was defined as the appearance of
bridging callous or bridging of the cortex with at least
partial obliteration of the fracture site observed on
anteroposterior and lateral radiographs.

The results were analyzed using statistical version for
social science (Version 15). The association test was
done using chi-square and the level of significance was
p <0.05.
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RESULTS

Eighteen patients with humeral shaft nonunion treated
representing 20.2% of all patients with humeral fractures
seen in our hospital over the study period. All fractures
were closed and all fractures united unevenfully without
need of any additional procedures. The average time to
union was 15 weeks (range 10-24). The patients who took
longer time for union were mainly those treated by
traditional bone setters had time for union around 20
weeks. This was statistically significant at p <0.05.

Figure 1: a) 34 year old male with atrophic nonunion,
eight months following native treatment, b) immediate
post-operative x-ray treated with lcp and bone graft,
c) at the end of two months with union, d) at the end
of four months with union.

Figure 2: a) 40 year old female patient with nonunion,
following conservative treatment, b) Immediate
postoperative x ray with LCP, c) At the end of 2

months with union, d) At the end of 4 months with
union.

We did not have any delayed union or nonunion in our
study. We had one complication of superficial wound
infection (5%) and one with wound haematoma (5%).
Both this complications got settled with proper and
timely intervention.

The mean constant-murley score was 13.75 in the
preoperative period (range 0-30) and 77.50 (range 40-92)
at the time of final follow up. Using the modified
constant and murley scoring, fourteen (78%) had
excellent results (Case 1-Figure 1), three (16%) had good
results (Case 2-Figure 2) and one (6%) had fair result
(Case3-Figure 3). There were no patients with poor
results.

Figure 3: a) 30 year old male patient presented with
nonunion and radial nerve palsy after treatment with
poor technique LCP fixation, b) Immediate
postoperative x-ray after fixation with 4.5mm LCP
and 3.5mm LCP, c) At the end of 2 months with
union, d) At the end of 4 months with union.

DISCUSSION

Treatment of nonunion of humeral shaft fractures
continues to be a challenge to orthopaedic surgeons.
Nonunion per se is a disaster to the patient as it affects
the livelihood of the family. The reasons for nonunion is
multifactorial, it may be patient related, surgeon related
or depend upon the initial type of injury and treatment.**°
The patient related factors may be older age, poor
nutritional status, obesity, diabetes, alcoholism, use of
corticosteroids, previous radiation, anticoagulation,
fractures underlying burns and poor patient compliance.™

Other factors contributing to nonunion at the time of
injury are open fractures with severe soft tissue injury
and fractures with a transverse pattern. Treatment related
complications are inadequate immobilization, soft tissue
interposition, improper open reduction and fixation
techniques with extensive periosteal stripping, and use of
newer implants without following the correct principles
of fixation.'®**
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In our study, the most nonunion was observed in patients
who had been previously treated with traditional bone
setters. A traditional bone setter is alternative
practitioners involved in the care of fractures. Studies
have shown for several reasons patient continue to prefer
treatment from them and only seek medical treatment
when complications occur.*? Their mode of treatment
includes use of local splints with leaves and bamboo
sticks after a massage with the lack of knowledge in
anatomy. These splints are usually two types affecting the
blood supply of the limb which may results in gangrene
and compartment syndrome.™ In these patients, the time
for union time was longer than others.

In our study, we encountered nonunion cases treated with
LCP, we retrospectively analyzed the method of fixation
in them. It showed all screws holes were filled with
locking screws, the surgeons did not follow the lag and
lock principles in them and plate screw density was
greater than 0.5. So the surgeons should have avoided
these complications if the basic fixation principle was
adequately followed. We also encountered nonunion in
cases treated with intramedullary devices and DCP, all
this were due to poor fixation techniques.

Primary radial nerve palsy occurred in 17% of the
patients, this finding was similar to the report to Tsai et
al.14 In two cases, during open reduction the nerve was
found adherent in the scar. This is probably due to
closeness of the proximal part of the radial nerve in the
radial groove making it vulnerable to injury. In one case,
the nerve was found entrapped in the lower end of the
plate, due to poor surgical technique. So during humeral
fixation by either approach the surgeon should ensure the
nerve is fully free and not get entrapped at the lower end
of plate due to tight lateral intramuscular septum.

Surgical management is the treatment of choice in
nonunion. Sound judgement must be exercised in
choosing the type of surgical fixation in such cases. In
established nonunions and nonunions with
pseudoarthrosis the problem to obtain unions without
disturbing the blood supply is not possible. Extensive
periosteal stripping during this procedures result in
further compromise in blood supply of this fragments and
form a great hindrance in obtaining union. To make the
surgical procedure successful the fragments must be
adequately fixed and have an excellent osteogenic
stimulus without disruption of blood supply to the
nonunion site.

Various modalities had been used to treat nonunion
historically, each has its own set of merits and demerits.
DCP have been widely used in management of humeral
shaft nonunion and have excellent union rates. But it can
be applied only in nonunion that have been treated
conservatively with reasonable bone quality and without
any implants in-situ at the time of osteosynthesis.**®

Locked intramedullary devices also have been used, but
have high failure rates in this devices, which has been
attributed to the absence of cyclical loading due to weight
bearing and higher amounts of distractive and torsional
loads on the humerus. These devices have higher
complication rates including persistent pain in the
shoulder, subacromial impingement, rotator cuff injury
iatrogenic fracture comminution during nailing and radial
nerve palsy.™

llizarov fixation has been used by several authors as it
has a distinct advantage over other internal fixation
modalities as it can be used in nonunion with infections.
The disadvantages are bulky implant, pin tract infection,
painful impingement of the frame on the chest wall and
possibility of neurovascular injury due to improper
placement of wires.??

LCP has a unique advantage as it can be used in the
treatment of nonunion in patients with osteoporosis and
in patients who had any form of internal fixation as the
index procedure. Screw holes made previously by index
procedure may interfere with the subsequent purchase of
screws, but LCP can overcome this advantage. In most
cases, we used only one 4.5 mm LCP. In one case, we
used an additional 3.5 mm LCP for additional stability. In
our study, we used autologous bone graft in all cases,
which was harvested from the iliac crest and we applied
the grafts intramedullarily and also by on-lay technique.
We did not use any fibular grafts to avoid donor site
morbidity. Studies have shown non vascularized fibular
graft longer than 6 cm have shown decreases capacity for
incorporation and healing. Vascularized fibular graft
increases the complexity and cost of osteosynthesis.*

In our study, all patients treated with LCP and bone
grafting achieved 100% union. Our results were similar
to Ring et al and Kumar et al.”*** We would like to
highlight the use of LCP in younger patients as it has
good outcome and patients can achieve higher activity
levels with heavier demand on upper extremity function.
LCP is useful in all levels of humeral shaft nonunion.
Nadkarni et al have used LCP in two patients with
nonunion with previously inserted nails.?® LCP seems to
farewell even in presence of significant bone loss
requiring strut grafts.

The weakness of our study was as it was retrospective
and only allowed comparison between the functional
status in the preoperative and postoperative period. We
had only small sample size with absence of control group
and we did not compare our study results with other
methods of fixation of humeral shaft nonunion.

We conclude that LCP is safe and reliable in achieving
union in patients belonging to any age group with any
activity level, as it can be used at all levels of humeral
shaft and it can give 100% union if sound judgment is
exercised in choosing the surgical technique and
application of LCP with proper principles with excellent
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osteogenic stimulus. We recommend the judicial use of
LCP in treating humeral shaft nonunion.
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