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Abstract

Background: Management of nonunion of humeral shaft fractures are difficult. This study was conducted to evaluate
outcomes and complications of these cases treated with locking compression plate (LCP) and autogenous bone grafting.
Materials and Methods: Twenty-four patients of non-union of humeral diaphyseal fractures were included in this study.
Fracture ends were freshened, reduced, fixed with locking compression plate and auto iliac bone grafting was done in all
the cases. Clinico-radiological assessments were done for each case at each follow-up visit. Time to fracture union, union
rate, functional outcome and complication such as infection, malunion, delayed union, implant failure and joint stiffness
were recorded. Modified Constant and Murley Scoring was used to assess functional outcome of the fracture fixation.
Results: The mean fracture union time was 16.4 + 5.8 weeks (range 10-48 weeks). This study had 100% union rate. After
assessing modified Constant and Murley scoring, 10 cases had excellent functional outcome, 9 had good and 5 had fair
functional outcome. The mean Constant and Murley score was 18.74 in the preoperative period (range 0-34) and 81.20
(range 38-98) at the time of final followup. The range of motion at shoulder joint was excellent in 20 and moderate in 4
cases, and the range of motion at the elbow joint was excellent in 22 and moderate in 2 cases.

Conclusion: This study concludes that LCP is a good implant to treat cases of non-union of humeral shaft fractures with
good functional outcomes and acceptable rate of complications.

Level of evidence: Level 2 prospective study
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Introduction

The nonunion rate of the fractures of humerus shaft
has been as high as 8-15% of all humeral fractures [1,2].
There are various reasons for this including infection,
distraction at fracture site, soft tissue interposition,
unstable fixation, wrong choice of implant, iatrogenic
devitalization of soft tissues, inadequate immobilization,
open fractures, comminution and osteoporosis [3,4].
Various devices used in treatment of humeral diaphyseal
non-union are limited contact dynamic compression
plates, locking compression plate (LCP), humerus
interlocking nail, Ilizarov external fixators and bone graft
struts [5,6]. Open reduction and internal fixation with
plating is generally accepted as the best method of
treatment for nonunion of fractures of the humerus in the
adult with advantages of stable fixation, direct
visualization of fracture site and radial nerve, protection
of the radial nerve and sparing of the adjacent shoulder
and elbow joint from injury and stiffness.

LCP having features of compression and point bone-
plate contact (minimum contact) is being used more
commonly for fixation of humeral shaft fractures non-
union [7] but very few studies have demonstrated
outcomes of use of LCP in the management of a nonunion
of humeral fractures [3,4,7,8].

The present study is a prospective study of evaluating
outcomes and complications of the use of LCP in
osteosynthesis of humeral diaphyseal nonunion.

Materials and Methods

24 patients with nonunion of diaphyseal fractures of
shaft of humerus were included in this study from june
2014 to September 2015. The protocol of this study was
approved by the institutional review board. This study
was authorized by the local ethical committee and was
performed in accordance with the ethical standards of the
1964 Declaration of Helsinki as revised in 2000. Informed
written consent was taken from all the patients. The
inclusion criteria were as follows:

e Age >18 years
e diaphyseal humerus fracture non-union

Cases with infective non-union, with associated
medical comorbidities, fractures in the proximal and
distal 5 cm of the humerus, pathological fractures,
undergoing irradiation and chemotherapy were not
included in this study. All the cases included in this study
were treated with 4.5 mm LCP and cancellous bone
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grafting. Surgery was performed under general or
regional anesthesia by the two authors with the patient
placed in the lateral decubitus position, using the
posterior approach. In all cases dissection was carried out
down to the non-union site and radial nerve was
identified. Both the proximal and distal fragment ends
were debrided of all soft tissue and resected back to
bleeding bone. Culture was sent. If any implant was
present due to previous surgery, it was removed. In cases
where plate had been used in primary surgery, LCP with
10-12 holes was used (Figure 1A-1D). Autogenous
cancellous graft was harvested from iliac crest in all the
cases and non-union of fracture site was filled with this

graft.
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Figure 1:

(A) Anteroposterior X-ray showing a case of
nonunion in a 32-year-old male with conservatively
managed fracture of right humeral shaft.

(B) Lateral X-ray showing nonunion of the fracture.
(o) Immediate postoperative X-ray showing
osteosynthesis and bone grafting.

(D) Postoperative X-ray at 16 weeks follow-up visit

showing good union at fracture site.

In post-operative period, patients were immobilized in
a sling, while active and active-assisted range of motion
began as soon as tolerated, generally at third day. All
patients were followed up at 1-month intervals for the
first 6 months after the surgery, then at 2-month intervals
for the next 6 months and then at 3-month interval till
final follow up visit. Antero-posterior (AP) and lateral
radiographs were taken at each follow-up visit. Shoulder
and elbow range of motion was assessed at each follow-
up visit. Fracture wunion time, complications and
functional outcomes were also recorded. The functional
outcome was done by using Modified Constant and
Murley Scoring which was recorded before and after
surgery and at each follow up [9].
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The complications were evaluated in terms of
infections (superficial or deep or chronic osteomyelitis),
delayed union, non-union, mal union, implant failure,
secondary loss of reduction and implant breakage.

Results

The average age in our study was 26.8 + 8.9 year
(range 18-64 years). 12 cases had implant used in
primary fracture fixation including DCP, intramedullary
nails (Enders nail, Rush nail, Kuntscher nail), multiple
pinning, and tubular external fixator, 12 cases included in
this study were treated conservatively primarily with
plaster or brace (Table 1). Average follow-up period was
18 months after surgery. All the patients attended average
follow-up visits. The average time from injury to
treatment of non-union was 12.8 + 4.6 months (4.2-22.8
months).

Characteristics Study group (n=24)

26.8 £ 8.9 year (range 18-64

Age (years)

years)
Sex (male: female) 15:09
Right: Left 14:10
Average nonunion 12.8 £ 4.6 months (4.2-22.8
period months).

Nonunion cases

Cases managed
conservatively
Cases with failure of
primary fixation

10

14

Table 1: Demographic profile of the study

The mean fracture union time was 16.4 * 5.8 weeks
(range 10-48 weeks). This study had 100% union rate.
After assessing modified Constant and Murley scoring, 10
cases had excellent functional outcome, 9 had good and 5
had fair functional outcome. The mean Constant and
Murley score was 18.74 in the preoperative period (range
0-34) and 81.20 (range 38-98) at the time of final
followup. The range of motion at shoulder joint was
excellent in 20 and moderate in 4 cases, and the range of
motion at the elbow joint was excellent in 22 and
moderate in 2 cases.

There was no incidence of superficial or deep infection.
One case of iatrogenic radial nerve palsy was reported
which recovered fully in 6 weeks. Two case had delayed
union which were treated conservatively and they
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achieved successful union in 11 months. No case of
malunion and non-union was reported in our study. There
was no incidence of implant failure in our study.

Discussion

Though majority of fractures of the shaft of the humeral
shaft heal uneventfully with conservative treatment [10],
the incidence of non-union of the humeral shaft fracture
are as high as 13% for both non-operative and operative
management [1,2,11]. For these cases, various options
available in literature are plates, intramedullary nails,
external fixators, with or without bone graft [5]. Locked
intramedullary nails have been used in nonunion cases of
humeral shaft fractures, but there have been reports to
have higher complication rates including pain in the
shoulder, subacromial impingement, rotator cuff injury,
iatrogenic fracture and failure to achieve union with
broken implant [12,13]. Ilizarov external fixation has
been used successfully by several authors specially in
cases of infective nonunion but there are various
disadvantages including bulky implant, pin track
infection; chances of neurovascular injury [6,14,15]. Plate
osteosynthesis has been shown in various studies to be a
better implant for treatmnt of humeral shaft fractures and
cases of nonunion [13,16,17]. Rubel, et al. compared the
use of one versus two plates in cases of non-union of
humeral shaft fracture in a biomechanical study and
concluded that a two plate construct is mechanically
stiffer than a single plate construct which may help in
cases of non-union of the shaft of the humerus but it
demands more soft tissue dissection [11]. Locked plates
are now considered a better option with regards to
effectively treating long bone non-union in the upper limb
[18].

Various studies have achieved good union rate in these
cases. Ring et al. reported 100 % union in all the 24
patients of non-union of humeral diaphysis fractures
treated with LCP [7]. Kumar et al. in their prospective
study, used LCP osteosynthesis and autologous bone
grafting in 24 patients with non-union of humeral shaft
fractures following failed internal fixation and reported
union in 23 patients [19]. They concluded that LCP is a
reliable implant for achieving union and good functional
outcome in humeral diaphyseal non-union.

LCP is a good implant in achieving union in patients of
the younger age group with higher activity levels, with
osteoporotic bones and cases of nonunion treated
primarily with implants like DCP and intramedullary
nails.
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This study was conducted at a single center so a larger
randomized multicentric trial is needed to further
improve the interpretation of the results. Results of this
study are comparable with the reported literatures [20-
22] in terms of functional outcome and complication rates
in both the groups. LCP fixation with bone grafting is an
effective treatment option for non-union of fractures of
humerus shaft with comparable functional outcomes and
acceptable complications.
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