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Abstract

Introduction: Fractures of the clavicle account for 2.6-4 % of all adult fractures, 35 % of all injuries to the
shoulder girdle, and 69-82 % of these fractures occur in the middle-third and are usually treated non-
operatively. There is an increasing trend toward their surgical fixation. The aim of our study was to evaluate the
clinical, functional and radiological outcome following titanium elastic stable intramedullary nailing (ESIN) for
midshaft non-comminuted clavicle fractures with >20 mm shortening/displacement.

Materials and Methods: 50 patient with mid shaft clavicular fracture, which met inclusion criteria, were fixed
with titanium intramedullary elastic nail under image intensifier control between July 2013 and June 2017.
There were 33 males and 17 females. The mean age was 33 years. Elastic nail introduce from 1cm lateral to
sternoclavicular joint to fix the fracture. Outcomes assessed on the basis of Constant score.

Results: All patients achieved complete healing at a mean of 10.3 weeks.17 fracture reduced by closed means
but 33 needs open reduction. Common size of elastic nail used was 2mm. no major complication was recorded
all were minor and can be taken care off. Most common was pin tract infection recorded in 35 patients. 76%
had excellent result and 24% had good result. 100% had nail removal.

Conclusion: In our hands, ESIN is safe and minimally invasive with good patient satisfaction, cosmetic
appearance, and overall outcome.
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. Introduction

Fractures of the clavicle account for 2.6-4 % of all adult fractures, 35 % of all injuries to the shoulder
girdle, and 69-82 % of these fractures occur in the middle-third.[1,2] The midshaft clavicle fractures account for
3 to 5% of all injuries and 70 to 80% of all clavicle fractures.[3,4]Displacement occurs in about 73 % of all
midshaft clavicle fractures.[2] The average age of patients sustaining a midshaft clavicular fracture is 33 years;
70 % of the patients are male.[5] In young adults, these fractures are usually related to sports or vehicle
accidents, whereas in children and elderly, they are usually related to falls.[3,4] A fall or a direct blow to the
shoulder, giving an axial compressive force on the clavicle, is the most common trauma mechanism of injury for
any clavicular fracture.[6,7] Traditionally, the midshaft clavicle fractures have been treated conservatively with
a sling or figure-of-eight bandage.[8,9,10]

Functional outcome of midshaft clavicle fractures is not only related to its union, but also to its
length.[11] Clavicle acts as a "strut", that keeps the upper limb away from the torso for efficient shoulder and
upper limb function, while also transmitting forces from upper limb to the trunk. Thus, displaced or comminuted
fractures carry a risk of symptomatic malunion, non-union and poor functional outcome with cosmetic
deformity.[12-14] The recent trend is shifting towards internal fixation of these displaced midshaft clavicle
fractures (DMCF). [11, 13-17]

Displaced midshaft fractures have traditionally been treated non-operatively because of early reports
suggesting that clavicular non-union were very rare and clavicular mal-union, being of radiographic interest
only, was without clinical importance.[8,12] However, recent studies have found higher rates of delayed union,
non-union, shoulder pain, and shoulder weakness and residual pain with non-operative treatment.[13] The
indications for surgery include the need for earlier functional mobilization in the patient with an isolated injury,
in addition to open fractures, floating shoulders and patients with polytrauma.[18] Hill et al. showed that
displacement of more than 20 mm resulted in 15% non-union and 18% of the patients had thoracic outlet
syndrome following union.[13] McKee et al. noted reduced patient satisfaction due to asymmetry and cosmesis
following malunion in patients with more than 20 mm shortening.[19] Hence, more recently, there has been a
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trend toward surgical fixation. Surgery has been indicated for completely displaced fractures, potential skin
perforation, shortening of clavicle by more than 20 mm, and floating injury.[20] For operative treatment, the
available methods of fixation are fixation with Kirschner wires, pins (Rush pin, Knowles pin, Rockwood pin),
plates with screws and external fixation.[21-23] Intramedullary fixation for clavicular fractures was first
described by Peroni in 1950.[24] A systematic review showed relative risk reduction of 72% and 57% for non-
union when using intramedullary fixation and plate fixation, respectively, when compared with non-operative
treatment of midshaft clavicle fractures.[17] Intramedullary devices behave as internal splints that maintain
alignment without rigid fixation. The use of an intramedullary device carries advantages of a smaller incision,
less soft tissue dissection, load sharing fixation with relative stability that encourages copious callus
formation.[25] One advantage of the titanium ESIN is that it can block itself in the bone and provide a three-
point fixation within the S-shaped clavicle.[20,23] However, some studies have shown a relatively high
complication rate and technical difficulties with intramedullary nailing.[20] The aim of this study was to
investigate the union rate and complication rate of our patients with displaced midshaft clavicle fractures treated
with titanium ESIN.

Il.  Material And Methods

It is a prospective study, which was conducted in the department of orthopaedic, Hind Institute of
Medical Sciences, Lucknow, Uttar Pradesh, India between July 2013 and June 2017; between 50 patients with
midshaft clavicle fracture (33 male and 17 female) were treated by internal fixation with intramedullary titanium
elastic nails.
Inclusion Criteria
Age >20 and <60 years of age
Shortening & Displacement >2cm in any view
Severe displacement causing tenting of the skin with the risk of puncture
open upto Gustillo grade Il fractures
Symptomatic non-union
Segmental fractures
Floating shoulder
xclusion criteria
Shortening & Displacement <2cm
Medial and lateral third fractures
Comminuted fractures
Gustillo grade 111 fractures
Associated with neurovascular deficit
¢+ Atrophic non-union
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The patients were operated by different surgeons in the department. All surgeons used ESIN in patients meeting
the inclusion criteria.

Operative technique

After administration of general anaesthesia, the patient was placed in beach chair position with injured
extremity prepared and draped from the midline to the upper arm with folded sheet under the affected shoulder.
Care was taken to make sure that the sternoclavicular joint was accessible for the entry point.Elastic
intramedullary nailing was done using the technique described first by Jubel et al. [26]A vertical skin incision
was made 1cm lateral to the sternoclavicular joint. The subcutaneous fat was incised along with platysma. The
pectoral fascia was divided in line with the skin incision followed by careful elevation of the underlying
musculature from the clavicle. The medullary cavity of the clavicle was opened using an awl pointed laterally
and angled at about 30° to the coronal plane in line with the clavicle. Care was taken not to perforate the dorsal
cortex in order to avoid major complications. Single appropriate sized titanium ESIN was inserted (the diameter
varied from 1.5 to 3 mm depending on the width of the bone). Attempt was made to close reduce the fracture. If
the fracture could not be reduced by closed means, then a separate vertical incision was used at the fracture site
to aid fracture reduction. Vertical incision was used as it was parallel to Langer's lines and minimized the risk of
damage to supraclavicular nerves to avoid dysesthesia of skin and scar neuromas. At that time, the nail was used
to create a path in the lateral end of the clavicle for subsequent easy access. The nail was then passed from the
medial side and across the reduced fracture into the lateral end of clavicle. Care was taken to avoid perforation
of the dorsolateral cortex of the lateral clavicle. After reaching the end point, the fracture was compressed and
the nail was cut close to the entry point to minimize soft tissue irritation, at the same time leaving sufficient
length behind for easy extraction later on. The fascia and skin were closed in layers.
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Fig 1: Method Of Inserting Nail From Medial Side Of Clavicle

All the patients were put in a shoulder sling postoperatively and followed same rehabilitation regime of

early gentle mobilization when pain allows, with no overhead abduction for first two weeks. The shoulder sling
was discarded at 2 weeks and active-assisted exercises were started, but the patients were advised not to lift any
heavy object for 6 weeks. At that time, passive and strengthening exercises were started.
All the patients were reviewed postoperatively in the clinic at 2, 6, 12 weeks and 6 months or until the fracture
had healed clinically and radiologically. All the patients were assessed for clinical and radiological union and
radiographs were taken at each clinic visit. We defined radiological union as visible bridging callus or absent
fracture line. The clinical union was described as no bony tenderness on clinical examination. Time to achieve
union was recorded.

I, Result

A total of 50 patients with mean age 33yrs (range 20 — 60 yrs) met the inclusion criteria of diaphyseal
midshaft, non-comminuted clavicle fractures with more than 20 mm shortening/displacement. Of these 50
patients, 13 patients had a fall on outstretched hand, eight had a fall from height and 29 had road traffic accident.
Among 50 patients 35 (70%) had right clavicle fracture and 30% had left sided. Most of them (84%) were
closed fracture but 16% (8 fracture) were open upto Gustillos grade | & I1. Patients who presented to us early (1-
7days) were reduced by closed means but who were presented late was required open reduction. In our study
only 34% (17 fractures) were reduced closed and fix by ESIN but 66% (33 fractures) required open reduction.
The average operative time was 45 min (range 20-75 minutes). 80% (40) patient were discharged within 3 days
of operation on oral drugs , but one patient who develops infection post-operatively had stay for 7 days till the
infection controlled.

All the patients achieved clinical and radiological union at a mean of 10.3 weeks (Range, 6-20 weeks)
i.e. 100% union achieved. Union achieved early in the fractures that were reduced by closed method in
comparison to those required open reduction. In none of the fracture bone grafting done. The average follow up
was 12 months (Range, 6-24 weeks). The average size of the titanium flexible nail used was 2 mm (range, 1.5 -3
mm). Full shoulder range of motion on an average gained at 7.4 weeks (6weeks - 12weeks). After clinical and
radiological fracture healing routine removal of nail was done in all patients.
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Diag: 1 Distribution Of Cases According To Time Of Union

Fig: 3 Post-Op Xray 30 Yr Male With Fracture Clavicle And Scapula Left Side, Clavicle Fixed With Tens Nail
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Fig: 4 14-week post-op xray 30 yr male with fracture Clavicig énd scapula left side after-union TENS nail
removed

Fig: 5 Shoulder ROM After 8 Week Post Fixation

Fig: 6 Shoulder ROM After 8 Week Post Fixation
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IV.  Complications

Most common complication found was pin tract infection in 35 patients and entry site skin irritation
(medial irritation) in 10 patients which was subsided after nail removal. Others were lateral protrusion of nail in
one patient which was subsequently removed, superficial infection develops in one patient, who was controlled
with antibiotics and nail removed early and subsequently settles. In one patient perforation of lateral cortex
happens during nail insertion which was corrected under image intensifier. There was no instance of loss of
reduction, joint stiffness, scar neuroma, perforation of posterior cortex. There were no cases of delayed union,
non-union or malunion, or refracture.

Table 1: Distribution Of Cases According To Post Operative Complication

S. No Complications No. of cases (n=50)
1 Entry site irritation 10

2 Superficial infection 1

3 Deep infection None
4 Pin tract infection 35

5 Refracture None
6 Non union None
7 Posterior cortex perforation None
8 Lateral migration of nail 1

9 Neuro vascular damage None
10 latrogenic perforation of lateral cortex 1

Fig: 7 Lateral migration of nail

-
Fig: 8 Perforation of lateral cortex
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i i)
Fig: 9 Pin Tract Infection

Functional outcome was assessed by the Constant score. In the Constant scoring system, the overall
grading is excellent if the total score ranges from 90 to 100, good for 80-89, fair for 70-79, and poor if the
scores are 69 or less. At final evaluation, the overall results using the constant score were 38 excellent and 12
good results.

Table 2: Constant score

S. No Assessment period Constant score (mean)
1 6weeks 71
2 3months 83
3 6months 92
4 12months 93

V.  Discussion

Traditionally midshaft clavicle fractures had been treated non-operatively. Neer[8] and Rowe[9] in the
1960's recommended conservative treatment for clavicular fractures in view of very small incidence of non-
union rates in their studies (0.1% and 0.8% respectively). No one has been able to reproduce these results so far.
However, more recent studies have shown significantly higher non-union rates in conservatively treated patients
(ranging between 10% and 15%). Current recommendation for treatment of displaced midshaft clavicle fractures
is operative fixation.[11-17] Plate osteosynthesis,[12,27] external fixation,[28] and intramedullary
fixation[23,29-31] have all been described for surgical treatment of clavicle fractures. Recent studies have
showed a poorer outcome in cases of displaced midshaft clavicle fractures that were treated non-operatively
[13,32,33] in comparison to surgically treated patients.[26,34,35] In a multicenter prospective randomized trial,
plate osteosynthesis had better functional outcome than non-operative treatment of displaced clavicle fractures
with decreased rate of non-union and symptomatic malunion.[12] Severe complications occur in 10% of the
patients and include deep infection, non-union, implant failure, and fracture after implant removal. Lesser
complications include superficial infection, keloid scar, dysesthesia in the region of scar, as well as implant
loosening with loss of reduction.[36]

Schuind et al. in 1988 reported results of 20 patients treated with Hoffmann external fixation with no
non-union and return to full range of movements of the shoulder. However, there was no objective measurement
of patient satisfaction.[28] Intramedullary stabilization is an established alternative fixation method.
Intramedullary implants are optimal from biomechanical point of view as the tension side of clavicle changes
with respect to rotation of arm and direction of loading.[23,37] The potential benefits of this technique include
smaller incision, minimal periosteal stripping, and load sharing device properties.[25] Its relative stability allows
copious callus formation during the healing process. The frequent complication includes skin irritation from the
prominent medial end of the nail and this frequently leads to either trimming of the nail or its premature
removal.[36] Multifragmentary fracture can lead to telescoping of the nail with shortening of the clavicle. The
comminuted fractures were excluded because we believe that this fixation system cannot maintain length of the
clavicle in these situations. Smekal et al. hence do not recommend use of ESIN in comminuted fractures with
severe shortening.[36] Duan et al. in a meta-analysis of randomized controlled trials demonstrated similar
functional outcome when comparing plating with intramedullary fixation.[3] They, however, showed higher
symptomatic hardware-related problems with plating.[3] Zolowodzki et al. in a systematic review of 2144 cases
found non-union rate of 1.6% with intramedullary fixation as compared with 2.5% with plate fixation.[17]
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The intramedullary fixation provides an alternative and less invasive way of surgically treating clavicle
fractures. Murray published his technique of intramedullary krischner wire fixation in 1940.[38] Since then,
numerous technical variations have been published.[39-42] The use of titanium elastic nails in the treatment of
midshaft clavicle fractures was first described by Jubel et al.[43] Major complications described in the literature
for other modes of intramedullary fixation of clavicle fractures (Kirschner wire, Rush pin etc.), like injury to
neurovascular structures and implant migration into the chest cavity [44,45] were not observed in our study. No
such complication has been described in the literature using TENs in clavicle fractures.[26] In a retrospective
analysis between titanium elastic nails and reconstruction plates, Chen et al. showed a significantly shorter time
to union with the TEN group with no significant difference in non-union or malunion rate between TEN and
plating. They showed faster functional recovery with greater patient satisfaction with cosmesis and overall
outcome in the TEN group.[46] Smekal et al. showed, in a randomized control trail between intramedullary
nailing and non-operative treatment, better DASH and Constant scores and 100% union rate with intramedullary
nailing.[37] Liu et al. found no significant difference between functional outcome and non-union rate following
plate fixation and intramedullary fixation (titanium elastic nails) of displaced midshaft clavicle fractures.[31]
Frigg et al. in their study expressed concerns about the increased complication rate.[20] In one of our patients,
the nail was left slightly proud and required trimming later on. The other patient with lateral protrusion (without
any involvement of the acromioclavicular joint) had minimal discomfort from it and this nail was removed once
the fracture had healed. Migration of intramedullary implant has been reported in a number of studies.[23,31,36]
Smekal et al. reported that 23% of their patients had medial nail protrusion and 89% of the patients required
implant removal.[37] 47% of our patients had the implant removed, most of them for symptomatic medial
irritation. Smekal et al. reported rate of closed vs open fracture reduction when using elastic flexible
intramedullary nailing of 64:36.[15]We do not consider open reduction of the fracture as unsatisfactory as
despite its high rate, in our series, we achieved 100% union. In our series, the procedure was performed by
various surgeons using a standardized surgical technique as detailed earlier. Despite this, we achieved good
functional and cosmetic outcome in diaphyseal midshaft, non-comminuted clavicle fractures with more than 20
mm shortening/displacement with titanium ESIN with no major complications.

VI.  Conclusion

Antegrade flexible intramedullary nailing techniques have advantages like less soft tissue injury,
shorter operating time and hospital stay, less blood loss, more cosmetic satisfaction and minor surgery needed to
remove the implant. EIN is a safe, minimally invasive surgical technique with a lower complication rate, faster
return to daily activities, excellent cosmetic and comparable functional result. In conclusion, the intramedullary
fixation of midshaft clavicle fractures is a safe minimally invasive technique in indicated cases and in our hands
it provides good functional outcome and cosmetic results.
In selected case TENS is a safe & effective method for mid clavicular fracture with a low complication rate once
potential technical pitfalls are appreciated
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