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Abstract

Background: Fractures of the clavicle are one of the injuries which are often inadequately treated. Non-
union, malunion and shortening arising out of nonoperatively treated clavicular fractures cause
significant disability due to pain, impaired function of the shoulder joint and limitations of activities. To
evaluate the functional outcome following precontoured locking compression plate fixation in displaced
midshaft clavicle fractures in adults using Constant and Murley scoring and to assess interrelationship
among different covariates.

Materials and Methods: Study was conducted at Karpaga Vinayaga Institute of Medical Sciences,
Madhuranthagam, Tamil Nadu. Forty patients with displaced midshaft clavicular fractures operated using
precontoured locking compression plates were recruited for the study. They are followed up for a period
of six months and the outcome was noted. The primary outcome was assessed by Constant-Murley
Scoring system and the results were analysed with statistical tools.

Results: In our study the mean Constant and Murley scoring was 89.60 at the end of six months. Average
time taken for radiological union was 13.45 weeks. We found a statistically significant difference (p
value <0.001) in Constant and Murley scores between the first month, third month and sixth months
indicating improvement in functional status of the patient over a period of six months after surgery.
There were no cases of implant removal due to hardware prominence despite having had this
complication in four of our cases (20%).

Conclusion: Based on our study, we recommend the use of precontoured locking compression plates for
displaced midshaft clavicular fractures. These plates also avoid the need for intra operative contouring
and potentially eliminate the necessity of a second surgery for implant removal. Sterile precautions, early
surgery, perfect anatomical reduction and early postoperative rehabilitation are needed to achieve
favourable results.
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Introduction

Clavicular fractures are one of the most common bony injuries accounting for 2.6% to 4% of
all fractures caused by either low-energy or high-energy impact. About 70-80% of clavicular
fractures occur in the middle third of the bone and less often in the lateral third (12-15%) and
medial third (5-8%) . Fractures of the clavicle have traditionally been treated non-
operatively3. In literature there are various studies which advocate non-operative management
of displaced clavicle fractures by closed reduction methods and non-operative immobilization
3.4 Although many methods of closed reduction have been described, it is recognized that
reduction is impossible to maintain without surgical fixation. Hence non-operative methods of
treatment cause residual deformity and disability 2 4. More recent data, based on detailed
classification of fractures, suggest that the incidence of non-union in displaced comminuted
midshaft clavicular fractures in adults is between 10 and 15% -8l Surgery is accepted more
and more as a primary treatment for displaced midshaft clavicular fractures, mainly because
the outcome of non-operative treatment is inferior to operative treatment both clinically and
functionally © 8131,

Though enormous data from global orthopaedic literature on the effect of functional outcome
of plate osteosynthesis is available, Indian evidence regarding the role of precontoured locking
plate in clavicle fixation is still growing. This study was carried out to analyse the functional
outcome and early rehabilitation following clavicular fixation using precontoured locking plate
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in Indian population. Also to understand the time taken for
radiological union of clavicular fractures following fixation.

Materials and Methods

Present study was conducted in department of Orthopedics of
Karpaga Vinayaga Institute of Medical Sciences and Research
Centre, a tertiary care hospital. Study population includes 40
patients from the surrounding places of our tertiary care
hospital. All the patients who have been operated with
precontoured locking compression plate for displaced
midshaft clavicular fractures in the Department of
Orthopaedics, at Karpaga Vinayaga Institute of Medical
Sciences and Research Centre, Madhuranthagam, Tamil
Nadu. All the patients operated during the period of March
2015 to April 2017 were followed up prospectively for a
period of 6 months. A written informed consent was obtained
from all the subjects. The study was approved by the ethical
committee of the Hospital.

Inclusion criteria

Adult male and female patients above 18 years and below 60
years who require surgical intervention for acute displaced
middle third clavicular fractures (Robinson Type 2 B).

Exclusion criteria

Patients less than 18 years of age and above 60 years of age,
Patients with pre-existing shoulder diseases affecting
assessment of functional outcome following surgery, Patients
with  severe  co-morbidities  affecting  post-operative
rehabilitation, Pathological fractures, Open fractures.

At the time of admission, demographic data collection
regarding age, gender, occupation, mode of injury and
functional status of the patient were noted. On clinical
examination the following findings were noted at the time of
admission - side of injury, overlying skin condition,
respiratory status, associated injuries and neurovascular
examination of the affected side. Radiological analysis
includes - Standard anteroposterior radiograph of the involved
clavicle with the patient lying in supine position was done at
the time of admission. The fracture displacement and
comminution was noted based on these X-rays. Length of the
plate to be used during surgery was assessed provisionally.
Functional outcome was assessed by Constant and Murley
scoring 141,

Surgical method

Open reduction and internal fixation with pre contoured
clavicle plate. Surgical procedure was carried out under
general anaesthesia.

Statistical analysis

The socio demographic factors like age, gender of the patient,
mode of injury, side of injury and initial type and
classification of injury were considered as primary
explanatory variables. The functional outcome as assessed by
Constant and Murley score was the primary outcome.
Complications which occurred in the study group, including
the hardware prominence, were the other outcomes
considered for analysis. Initial descriptive analysis of all the
variables was done using frequencies and percentages for
categorical variables and means and standard deviations for
quantitative variables. The association between the
explanatory and outcome variables was done by using the
difference in proportions or means. IBM SPSS version 21 was
used for data analysis.

Results

Out of 40 patients in our study, majority (70%) belonged to
the age groups 20-30 years and 41-50 years. Out of 40
patients, 30 patients were males. Males comprised 75% and
females were 25%. Left clavicle was involved in 24 of our
patients (60%) and right clavicle was involved in 16 of our
patients (40%).

Road traffic accident was the mode of injury in majority of
our cases (n=26, 65%) while accidental fall (n=10, 25%) and
direct injury (n=4, 10%) were the other causes in rest of our
cases. Based on Robinson classification, 28 cases (70%)
belonged to Type 2 B1 and 12 (30%) cases belonged to Type
2 B2. In our study, hardware prominence was reported to be
the significant complication in 8 patients (20%) which
required no intervention during the study period. At the time
of first month follow-up, majority (65%) had fair outcome. At
the end of third month, 17 patients (85%) showed good
outcome. During the last follow-up at sixth month, majority
(n=14) showed excellent outcome (70%).

Radiological union occurred at an average of 13.45 weeks
(SD 1.432) in our study. One patient had delayed union at a
period of 18 weeks post-operatively. In our study, the overall
outcome at the end of six months was excellent in 14 patients
(70%), good in 5 patients (25%) and fair in one patient (5%).
The proportion of patients with excellent outcome was 80% in
males, whereas it was only 40% in females. 40% of females
and 20% of males had good outcome. Only one female had
fair outcome (20%). The association between gender and
outcome was not statistically significant (p value 0.108).
[Table 1 and Table 2]

The proportion of subjects with excellent outcome was lesser
in people who had developed any of the complications (55.6%
vs 81.8%), when compared with subjects who had
complication-free post-operative period. But the difference in
the proportion of subjects with various outcomes between the
two groups was not statistically significant.

The mean Constant Murley score was 71.85 at the first month
of follow up. It was 83.05 and 89.60 at third and sixth month
of follow up respectively. The differences in the mean values
of the score during the different follow up periods were
statistically significant (p value <0.001). Paired sample t-test
was used to assess the statistical significance, considering the
first month score as baseline. [Table 3 and Table 4]

The present study demonstrates a significant improvement in
functional score over a period of six months. [Figure 1]

Table 1: Descriptive analysis of functional outcome using Constant
and Murley scoring system after every follow-up

Parameter | Frequency |  Percentage

First Month

Poor 14 35.0

Fair 26 65.0
Third Month

Fair 6 15.0

Good 34 85.0
Sixth Month

Fair 2 5.0

Good 10 25.0

Excellent 28 70.0

Table 2: Association of gender with outcome in study population

Outcome Chi Square
Gender |2 cellent]_Good | Fair value [P Value
Female | 4 (40%) | 4 (40%) | 2 (20%)
Male |24 (80%)|6 (20%)| 0 4457 | 011
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Table 3: Association between complications and outcome in study population

N Outcome :
Complication Excellent Good Fair Chi Square Value p Value
Yes (18) 10 (55.6%) | 6(33.3%) | 2(11.0%)
No (22) 18 (81.8%) | 4(18.2%) | 0 (0%) 2.165 0.339

Table 4: Comparison of Constant Murley scores during the follow up period in study population

Month Mean of Constant _Mean p-Value 95% ClI
Murley Score Difference Lower Upper
First Month (Baseline) 71.85 - - - -
Third Month 83.05 11.20 <0.001 9.28 13.11
Sixth Month 89.60 17.75 <0.001 15.66 19.83

Trend of constant murley score

Fig 1: Error bars representing the trend of mean Constant — Murley score during the follow up period

Discussion

Clavicle fractures have been historically treated
conservatively since the times of Hippocrates. “Watchful
expectancy and skilful neglect” has been the basic principle in
managing these fractures, resulting in malunion, shortening
and in some cases non-union -1, Various studies have now
shown that shortening more than 2 cm influences the outcome
in the midshaft clavicle fractures 8221,

Conservative treatment still remains the treatment of choice
for undisplaced midshaft clavicle fractures (Robinson Type
2A) with a reported incidence of 5.9% of non-union. But at
the same time, displaced fractures (Robinson Type 2B) have
non-union rates as high as 15.1% when treated nonoperatively
[18, 23]

Recent literature suggests that the operative management of
displaced middle third clavicle fractures resulted in lower

non-union rates, improved functional outcome, faster
mobilisation, better cosmesis and increased patient
satisfaction with results supported by several studies

including that of the Canadian Orthopaedic Trauma Society
which reported higher rates of complications following
conservative management of displaced fractures [8 7. 18],

The advent of anatomically precontoured locking
compression plates has been a boon to the management of
these fractures where a considerable amount of intra operative
time is used to contour the conventional plates. Also

precontoured plates have a theoretical advantage of reduced
plate fatigue fracture compared to non-contoured plates which
are subjected to intra operative bending 24281,

At our institute we conducted a prospective study in 40
patients with midshaft displaced clavicle fractures who
underwent operative fixation in the form of precontoured
locking plate osteosynthesis. The analysis of results was made
in terms of age of patients, mode of injury, type of fracture,
associated injuries, time taken for radiological union,
complications and functional outcome. The ability to compare
our results to the results of other studies is limited because
there are few reports dealing with the same implant and
because of differences in the study cohorts distribution and
outcome measurements. Hence, the sample size was estimated
based on conventional statistical formulas.

In the present study, functional scoring was done using
Constant-Murley scoring system which showed an average
score of 89.6 at the end of six months. This is comparable to
the study published by Choudhari et al. %, which showed a
mean Constant score of 89.3. In the final follow-up, outcome
was excellent in 14 cases (70%), good in 5 cases (25%) and
fair in 1 case (5%). The cause of fair outcome in one patient
was due to the fact that she developed post-traumatic stiffness
following surgery due to non-adherence to our physiotherapy
protocol 2%34, This study has shown significant improvement
in mean Constant score over a period of six months follow up
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(p<0.001). This is in concordance with the study conducted
by Canadian Orthopaedic Trauma Society with showed
significant p values (p<0.01) over a period of six months
follow up . The trend in improvements in functional score
over a period of six months indicates that patients tend to do
well over a period of time following surgery provided they are
compliant to the post-operative physiotherapy protocol.
Regarding the mode of injury, road traffic accidents (RTA)
were the cause of highest number of fractures in our study
population (65%) followed by accidental fall from height
(25%). This is consistent with the study conducted by
Kulshrestha et al. %8, which reported 75% of cases due to
RTA and another study by Hundekar B4, which reported 70%
cases due to RTA.

Based on age analysis, the highest incidence of fractures in
our series has occurred in the age group of 20-30 years (35%)
which is comparable to the study conducted by Kulshrestha et
al. 281, which reported an age group of 21-46 years. Based on
gender analysis, males were shown to be more affected with
75% of fractures in men. This is consistent with the study
conducted by Hundekar BY. which reported 80% fractures
occurring in males. Based on side analysis, more number of
fractures occurred in left side (60%) which has been shown to
be of no statistical significance. Radiological union, as
assessed by complete cortical bridging between proximal and
distal fragments on X-rays, was found to be at an average of
13.5 weeks (SD-1.432). Hundekar reported radiological union
over a period of 10-16 weeks which was closest to our series.
Kulshrestha et al. and Jeffrey et al. %61, showed much better
results with union occurring over a period of 8-9 weeks. In the
study conducted by the Canadian Orthopaedic Trauma
Society, radiological union was reported at an average of 16.4
weeks [,

In the present study, there were no non-union, malunion,
hardware failure and deep infection. This is consistent with
the studies by Hundekar and Jeffrey et al. which reported
similar results 28, The complications in our study were
hardware prominence in 4 patients (20%), superficial
haematoma in 1 patient (5%), superficial wound infection in 1
patient (5%), delayed union in 1 patient (5%) in whom
radiological union occurred at 18 weeks after surgery which
was against our series average of 13.45 weeks for union,
hypertrophic scar in 1 patient (5%) and prolonged
hypoesthesia around operated site in 1 patient (5%) which
improved over a period of 16-18 weeks. Hardware
prominence occurred in 32.1% of cases in the study reported
by Van Beek et al. 1, warranting plate removal after fracture
union. Chandrasenan et al. 2. reported hypoesthesia in 3 out
of 15 patients (20%). McKee et al. [, reported superficial
wound infection in 3 out of 62 patients and numbness in 18
out of 62 patients. The results of these studies are consistent
with the complications reported in our study.

Interestingly, implant removal was not done in any of the
patients during the period of study including the patients in
the hardware prominence group (n=4). This is due to the fact
that all the plates used were anatomically precontoured and
moreover the patients were satisfied with the final functional
outcome after surgery and hence did not want to undergo a
second surgery for implant removal. This is consistent with
the results published by Chandrasenan et al. (4. which report
0% implant removal in patients treated using precontoured
locking compression plate. In other series which used
implants other than locking plates, the removal rate ranged
from 41% as reported by Jeffrey et al. (7 out of 17 cases) [1°.
to 64.3% removal rates as reported by Van Beek et al. (9 out

of 14 patients) 1, Hence this reiterates the fact that use of
precontoured locking compression plate avoids the potential
for a second surgery to remove the implant.

Conclusion

It is concluded that the functional outcome following
precontoured locking compression plate fixation of displaced
midshaft clavicle fractures in adults has produced excellent
results in majority of cases with acceptable complications
with no additional need for implant removal after union. The
pre contoured locking compression plate for clavicle is a good
implant to use for displaced midshaft clavicle fractures. We
recommend use of this implant in Robinson Type 2 B
fractures of the clavicle where it should be considered as the
treatment of choice.

Based on this study results in terms of time taken for
radiological union and final functional outcome are
satisfactory. Also, the union rate was 100%, with acceptable
complications like hardware prominence and superficial
infection which did not affect the outcome of our study.
Proper selection of cases, early surgery, accurate positioning
and fixation, good and early postoperative rehabilitation and
regular follow up are needed to achieve favorable results. We
recommend aggressive rehabilitation therapy to regain
complete range of motion of shoulder so that better functional
outcomes are achieved in a shorter period.
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