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Abstract
Introduction: Since long, closed midshaft clavicle fractures, whether undisplaced or displaced, have been treated conservatively with figure of
“8” bandage and sling. However, in the past few decades, management trends show an uprise in surgical management of displaced midshaft
clavicle fracture with rigid internal fixation providing early pain relief and avoiding deformity, non-union (NU), and sequelae.
Materials and Methods: A total of 60 patients with displaced midshaft clavicle fracture were included in the study. Patients were randomly
allocated to the non-operative and operative group with 30 patients in each group. Non-operative management was performed with clavicle
brace (figure of 8 bandage) while open reduction internal fixation with plate fixation was the preferred operative treatment. Patients were
followed up at 2, 4, and 6 weeks and then at 3, 6, and 12 months. Outcome analysis included standard clinical follow-up, the constant shoulder
(CS) score and the disabilities of the arm, shoulder, and hand (DASH) score, and plain radiographs. Statistical analysis was done using
Student’s “t” test and SPSS software. The results were considered to be significant at P < 0.05.
Results: There was a statistically significant difference in functional outcome between the two groups at 3-month follow-up (CS; P = 0.0469
and DASH; P = 0.0406), though no such difference was recorded at 1-year follow-up (CS; P = 0.2731 and DASH; P = 0.4915). It implies that
the patients in operative group improved functionally and returned to normal activities earlier than the non-operative group. Even patient
satisfaction regarding shoulder appearance (cosmesis) was more in the operative group (100%) than in non-operative group (60%). The
complications were more in the non-operative group (23), such as symptomatic malunion in 2 cases (8%), NU in 5 cases (20%), shortening in
3 cases (12%), and muscle wasting in 2 cases (8%), whereas only four complications were recorded in the operative group, of which two were
implant related.
Conclusion: Surgical management of displaced midshaft clavicle fracture has definite short-term benefits with respect to functional outcome,
early return to preinjury activities, and a lower rate of malunion and NU. Furthermore, due to difficulties of non-operative treatment including
pain and instability at fracture site, tightness of clavicle brace, difficulties in self-hygiene, and high percentage of NU, especially in high-energy
fractures; operative treatment is a good option in displaced midshaft clavicle fracture, especially in active adult patients.
Keywords: Clavicle fracture, Conservative management, Surgical management.
Introduction
Clavicular fractures are one among the common musculoskeletal
injuries, accounting for 2.6–5% of all body fractures and 35–45% of all
shoulder girdle injuries [1, 2, 3]. Fractures of the middle third (or
midshaft) account for approximately 80% of all clavicular fractures and
are more common in young active males [1, 4]. Since long, they have
been treated non-operatively, even when substantially displaced. This
management protocol was based on early studies which reported that
clavicular non-union (NU) was extremely rare, with a prevalence of four
NUs in 566 patients in one series and three NUs in 2235 patients in
another [5, 6]. Malunited clavicular fractures were considered as
radiographic finding, with no clinical significance [1, 4, 5, 6]. However,
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recent studies have highlighted the high NU and symptomatic
malunion rates in displaced midshaft clavicular fractures managed
conservatively. A meta-analysis of recent studies revealed that the rate of
NU for displaced midshaft clavicular fractures was 2.2% (10 of 460
patients) after plate fixation compared with 15.1% (24 of 159 patients)
after conservatively treated, which equates to a relative risk reduction of
86% [7]. Further studies have shown even higher incidences of
symptomatic malunion (31–42%) after conservative management of
displaced midshaft clavicle fractures [8, 9]. Robinson reviewed 1000
clavicle fractures and showed that displaced (100% translation of
fracture fragments) midshaft clavicular fractures were 18.5 times more
likely to result in delayed or NU as compared with undisplaced fractures
[10]. For conservatively managed displaced fractures, some degree of
shortening and deformity is inevitable. In addition, some trials have
used patient-based outcome questionnaires and objective muscle
strength testing and detected residual deficits in shoulder strength and
endurance, which resulted in altered shoulder biomechanics and
significant dysfunction [11, 12]. Thus, the optimal treatment of
displaced midshaft clavicular fractures remains controversial. Two
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2009 Cochrane reviews concluded that there is insufficient evidence
from randomized controlled trials to determine which method of
treatment (conservative or surgical) is the most appropriate for
Table 1: Clavicle midshaft fractures: Operative versus non-operative treatment

Characteristic
Gender
Male
Female
Mean age, years
Dominant arm
Left
Right
Fractured side
Left
Right
Mechanism of injury
Direct fall on shoulder
Fall on outstretched hand
RTA
Smoking status
Smoker
Non-smoker
RTA: Road traﬃc accident

Non-operative
Operative
group (n =30) group (n =30)
25
5
37.76

27
3
35.66

5
25

2
28

17
13

21
9

16
13
5

12
9
5

17
13

18
12

Table 2: Clavicle midshaft fractures: Operative versus non-operative treatment

Outcome
Non-operative
Operative
P value
CS
Mean, SD (n )
Mean, SD (n )
At 3 months
79.20, 4.13 (25) 82.00, 5.54 (26) 0.0469
At 1 year
86.83, 3.91 (18) 88.13, 4.37 (15) 0.3746
At 1 year with
84.48, 5.21 (25) 86.08, 5.07 (26) 0.2731
imputation
DASH
Mean, SD (n )
Mean, SD (n )
At 3 months
17.1, 4.82 (25) 14.42, 4.26 (26) 0.0406
At 1 year
6.94, 3.98 (18) 5.17, 3.06 (15)
0.167
At 1 year with
8.70, 4.79 (25) 7.79, 4.60 (26) 0.4915
imputation
Fracture union
20/25 (80%)
26/26 (100%)
Duration of union
12–16 weeks
18 (69.23%)
11 (44%)
16–20 weeks
6 (23.07%)
5 (20%)
20–24 weeks
2 (7.7%)
3 (12%)
>24 weeks
0
1 (4%)
Non-union
0
5 (20%)
Satisfaction with
15/25 (60%)
26/26 (100%)
appearance - yes
NU: Non-union, DASH: Disabilities of the arm, shoulder, and
hand score

midshaft clavicle fractures [2, 13]. The purpose of this prospective
randomized study was to compare patient-oriented and functional
outcomes after conservative and surgical management of displaced
midshaft clavicular fractures.

Materials and Methods
This prospective randomized study was conducted in the Department
of Orthopaedics at Maharaja Agrasen Hospital, New Delhi, from
January 2014 to December 2015. A clearance from the ethical
committee of institute was obtained.
Sample size
Before the study’s beginning, a power calculation determined
sufficient sample size. The basis was a difference of 10 points between
the groups in constant shoulder score (CS) and disabilities of the arm,
shoulder, and hand (DASH) score, power of 0.80, and P < 0.05 as
statistically significant (comparing means with t-test). As a result of
calculation, the required sample size was 26 patients per group. The
dropout rate was anticipated to be 14%, so 60 patients were the
required number to randomize.
Method of the collection of data
All patients with fresh midshaft clavicle fractures coming to our
hospital were attended personally. Baseline data were registered
including demographic data, side of injury, mechanism of injury, and
fracture classification (as per Robinson classification). Thorough
history and clinical examination were done. We assessed the
neurovascular status and radiological evaluation of the fractured side.
Patients were then counseled for the enrollment in the study. Informed
consent was taken and patients were randomized to operative and nonoperative group using a computer program. Allocations were
concealed in sequentially numbered opaque envelopes. 1 envelope was
opened for each patient. Patients were included in the study if the
following criteria were fulfilled:
1. Displaced midshaft clavicle fractures, Robinson classification 2B1
and 2B2.
2. Fresh fracture, presenting within 7 days of injury.
3. Patient age between 18 and 70 years.
4. Medically fit for surgery.
Exclusion criteria
The following criteria were excluded from the study:
1. Undisplaced fracture.
2. Polytrauma.
3. Associated neurovascular injury.
4. Patient offering insufficient cooperation (mental illness or drug
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10. Concomitant upper extremity fracture.
11. Earlier clavicle or shoulder-region fracture.
12. Patient refusal.

Table 3: Clavicle midshaft fractures: Operative versus non-operative treatment

NonOperative
Complication
operative
n =26 (%)
n =25 (%)
DU
3 (12)
2 (7.7)
NU
5 (20)
0
Malunion
2 (8)
0
Infection
0
0
Shortening
3 (12)
0
Muscle wasting
2 (8)
0
Painful fracture site 8 (32)
0
Hardware irritation
1 (3.8)
Implant failure
1 (3.8)
DU: Delayed union, NU: Non-union

Non-operative care
Non-operative treatment was performed with a clavicle brace
(rucksack bandage) for 6 weeks. For the first 3 weeks, only pendulum
motion was allowed, from 3 to 6 weeks active abduction and flexion up
to the horizontal plane, and after 6 weeks, fully active motion. Return to
full activities was permitted after 3 months.

addiction).
5. Patient with cancer or any severe illness.
6. Pathological fracture.
7. Treatment beginning later than 7 days after injury.
8. Open fracture.
9. Patient on corticosteroid or immunosuppressive medication.
Table 4: Clavicle midshaft fractures: Operative versus non-operative treatment
Study

Number of
FU time
patients

CS

DASH Union

Complications
(%)

Cots 2007 RCT [14]
Plate
67
1 year
96
5
98
Sling
65
1 year
90
15
86
J 2009 RCT [17]
Hagie pin
29
1 year
96
Sling
28
1 year
96
Smekal 2011 [18] RCT
ESIN
60
2 years
1
100
Sling
60
2 years
3
88
BOHME 2011 [19] CCT
Plate
53
8 months 95
98
ESIN
20
8 months 97
100
Rucksack bandage
47
8 months 90
98
Kulshrestha 2011 [20] CCT
Plate
45
18 months
100
Sling
28
18 months
71
Our study
Plate
26
1 year
88
5
100
Rucksack bandage
25
1 year
86
7
80
CCT: Controlled clinical trial, CS: Constant shoulder score, ESIN: Elastic stable
intramedullary nailing, FU: Follow-up, RCT: Randomized controlled trial

Operative technique
For those patients allocated to the operative group, surgery took place
within 7 days of injury. The patient was positioned in a “beach chair”
semi-sitting position on a radiolucent table, with an image intensifier
on the contralateral side. Anterosuperior surgical approach was taken.
An oblique skin incision is made centered superiorly over the fracture
site. The fracture was stabilized with a straight 3.5-mm Association for
Osteosynthesis/Association for the Study of Internal Fixation stainless
steel reconstruction plate or a pre-contoured Arbeitsgemeinschaft fur
osteosynthesefragen (Swiss term meaning association for
osteosynthesis) Synthes locking compression plate and 3.5-mm or 2.7
mm cortical screws. The plate was placed on the superior surface of the
clavicle and was bent, if needed, to the contour and curvature of the
clavicle. The length of the plate was determined according to the grade
of comminution of the fracture. The aim was to place at least three
bicortical screws in the medial and lateral main fragments. No primary
bone grafting was done. Postoperatively, the arm was immobilized in a
sling for 3 weeks. The post-operative protocol of exercises was similar
to that in the non-operative group. No hardware removal was
scheduled.

37
63
76
7
30
39
15
13
15
27
93
15
92

Figure: operative technique
25 | Trauma International | Volume 5 | Issue 1 | Jan-April 2019 | Page 23-27

Ranjan N et al

Method of the measurement of outcome of the interest
All patients were followed up for a period of 1 year. Our scheduled
follow-ups were at 2, 4, and 6 weeks and again at 3, 6, and 12 months
interval. During follow-up, patients were evaluated both clinically and
radiologically. The main outcomes, CS score and DASH score, were
evaluated at 3 months and 1 year. Secondary outcome measures were
fracture healing, patient satisfaction with their shoulder appearance
(cosmesis), and complications. Fracture healing was evaluated from
anteroposterior and 15° vertically tilted radiographs. Radiographs were
evaluated by an independent radiologist. At the time of randomization,
radiographs included both clavicles, so the lengths of the injured and
the uninjured clavicles could be measured correctly. Shortening was
defined as the difference between the length of the uninjured and
injured clavicles. Vertical displacement was assessed using clavicle
diaphyseal width as the displacement unit. Union was defined as
complete periosteal and endosteal bridging between medial and lateral
fragments in radiographs, and that the patient had neither pain nor
instability in the fracture region. The following incidents were
considered as complications or adverse events:
1. Any new operation performed for any reason.
2. Primary reduction loss.
3. Plate sheared off or causing irritation.
4. Wound infection.
Symptomatic malunion meant shortening of >20 mm, angulation, or
displacement of the clavicle, and a patient’s having sequelae such as
pain, weakness, or easy fatigability. Delayed union was defined as no
bridging callus or endosteal healing in radiographs at 3-month
assessment, and the patient had pain or instability in the fracture
region. NU was defined as no periosteal and endosteal healing in
radiographs with clinical evidence of pain or crepitus at the fracture site
at 6-month visit. Symptoms of thoracic outlet syndrome from brachial
plexus compression were assessed as pain, paresthesia, numbness, or
weakness in the hand, arm, or shoulder.
Statistical analysis
The null hypothesis was established that no difference would appear
between the groups in function CS or disability (DASH) at the 3month and 1-year follow-up. Mean of both the scores was calculated in
both study groups, and P value was calculated, at 3 months and again at
1-year interval. Statistical analysis was performed with SPSS software,
version 16. The Student’s “t” test was used for the comparison of means
for parametric scale variables in independent groups. Tests were two
sided. The results were considered to be significant at P < 0.05.
Observation and Results
The study took place between January 2014 and December 2015.
During that period, 150 patients with clavicle fracture were treated in
our hospital; 90 patients were excluded for not meeting inclusion
criteria, declining to participate, or being unable to participate (nonlocal residents, foreigners). Of these, 60 patients were randomized, 30
to the non-operative group and 30 to the operative group. The dropout
rate was 14% since nine patients (five in non-operative group and four
in operative group) were lost from the 1-year visit. Hence, 25 in the
non-operative group and 26 patients in the operative group completed
the 1-year assessment.
• The patient characteristics are detailed in Table 1.
• The outcome analysis is detailed in Table 2.
The results contradict our hypothesis since there is a statistically
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significant difference between the non-operative and the operative
group in CS at the 3-month (P = 0.0469) and DASH at the 3-month (P
= 0.0406). Though, there is no difference at 1-year visit (CS; P = 0.2731
and DASH; P = 0.4915). It implies that the surgery has a favorable
impact on functional outcome at short-term consideration. At 4-week,
6-week, and 3-month assessment, the operative group had significantly
less pain than the non-operative group, though there was no such
difference at 1-year follow-up.

Complications
There were 27 complications, of which 23 occurred in the nonoperative group and four in the operative group. None were major, and
none of the patients underwent surgery due to any complication. The
details are listed in Table 3.
Discussion
In our study, mean age of presentation was 36.7 years. Most of the
patients were male, 52/60 (86.67%). Of total 60, 45 (75%) patients had
left-sided clavicle fracture. It appears that the most common mode of
injury is fall (50/60; 83.33%), either directly on shoulder (28/60;
46.67%) or on outstretched hand (22/60; 36.67%). Although, in our
study, there is no significant difference in functional outcome (CS; P =
0.2731 and DASH; P = 0.4915) at 1 year, there is a statistically
significant difference (CS; P = 0.0469 and DASH; P = 0.0406) at 3month follow-up. It implies that the patients in operative group
improved functionally and returned to normal activities earlier than the
non-operative group. This factor is very important, as patients today are
more active and expect to return to pain-free function following a
fracture as early as possible. There is also a significant difference in pain
at 2 weeks, 4 weeks, 6 weeks, and 3 months follow-up among the two
groups. One Canadian randomized controlled trial of displaced
midshaft clavicle fractures concluded that at the 1-year follow-up, the
operative group scored better in function (CS, P = 0.001) and in
disability (DASH, P < 0.01) and also had lower rates of malunion and
NU than did the non-operative group (Canadian Orthopaedic Trauma
Society 2007 [14]). Differences in CS and DASH were statistically
significant. In our study, patient satisfaction in the operative group is
more than in the non-operative group (P = 0.041) regarding shoulder
appearance (cosmesis). A prospective study of a 10-year follow-up
found that 46% of non-operatively treated patients were not fully
recovered, and 27% had cosmetic defects from the fracture [15]. The
mean time for fracture healing is shorter in the operative group (15
weeks) than in non-operative group (22 weeks). The complications
were more in the non-operative group such as symptomatic malunion
in 2 cases (8%), NU in 5 cases (20%), shortening in 3 cases (12%), and
muscle wasting in 2 cases (8%). A recent randomized controlled trial of
displaced midshaft clavicle fractures claimed that the rate of NU was
significantly reduced after open reduction and plate fixation (1%) as
compared with non-operative treatment (17%) (P = 0.007). In
addition, disability (DASH, P = 0.04) and shoulder function (CS, P =
0.01) were significantly better after open reduction and plate fixation
than after non-operative treatment at 1-year follow-up. When patients
with NU were excluded from analysis, no significant differences in
disability or function at any time point emerged between treatment
groups. Thus, the improved outcomes appeared to result from the
prevention of NU by open reduction and plate fixation [16]. Patients
managed non-operatively were immobilized for longer period by
default due to fracture site pain on every movement of the involved side
26 | Trauma International | Volume 5 | Issue 1 | Jan-April 2019 | Page 23-27

www.traumainternational.co.in

Ranjan N et al
shoulder. They were prone to delay functional recovery. Whereas,
patients who underwent operative fixation had an earlier return to
normal function, early fracture healing and better satisfaction with their
shoulder appearance.

fixation secures the union at a low complication rate. Furthermore, due
to difficulties of non-operative treatment including pain and instability
at fracture site, tightness of clavicle brace, difficulties in self-hygiene, and
high percentage of NU, especially in high-energy fractures; operative
treatment is a good option in displaced midshaft clavicle fracture.

Conclusion
Surgical management of displaced midshaft clavicle fracture has a
definite short-term benefits with respect to functional outcome.
Furthermore, the complications are fewer in operative group. Nonoperative treatment is associated with a high NU rate (20%). Plate
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