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Results of midshaft clavicle fractures treated with
expandable, elastic and locking intramedullary nails
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Objective: The aim of the study was to present the results of osteosynthesis with elastic expandable
intramedullary nail for clavicle fractures.

Methods: The study included 17 patients (11 males, 6 females; mean age 36.4 years, range: 21 to 54
years) who underwent surgery for a displaced clavicle fracture and had a shortening of more than 2 cm.
The Constant Score and DASH (Disabilities of The Arm, Shoulder and Hand) scoring were used to
determine the functional status of the patients.

Results: Mean operation time was 30.4 (range: 25 to 42) minutes and mean follow-up period was
10.3 (range: 8 to 19) months. Mean union time was 15.8 (range: 9 to 20) weeks. A superficial in-
fection was treated with wound debridement and antibiotherapy in one patient. No patient suffered
from neurovascular compromise, deep infection or implant irritation. Implant fracture developed at 2
months after surgery in one patient treated for Type B1 clavicle fracture and healed without any other
intervention. There was no statistically significant shortening (p>0.05). In the final follow-up, the
mean Constant Score was 94.3 (range: 86 to 97), and mean DASH score was 11.8 (range: 7.3 to 17.4).

Conclusion: Expandable elastic locking intramedullary nail appears to provide minimal complication
and high success rate for the surgical treatment of non-comminuted displaced clavicle shaft fractures.
Additional studies with large series are necessary for further investigation.
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The clavicle is the one of the most commonly fractured clavicle fractures even in cases of serious displacement.
bones, constituting approximately 5 to 15% of all frac- (134] Indications for surgical treatment include open frac-
tures. Such fractures generally occur in young athletics. tures, severe displacement causing tenting of the skin,
Approximately 80% of clavicle fractures are seen in the neurovascular deficit, floating shoulder, polytrauma, and
middle third of the bone, of which more than 50% are fractures that were unable to heal with conservative treat-
displaced.! ment.”) Surgical treatment is recommended for fractures
Conservative treatment is the traditional method for that are totally displaced and have 2 cm of shortening.?
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Fig. 1. (@) Radiograph showing a midshaft clavicle fracture. (b) Perioperative fluoroscopy image for Type B2

~N

clavicle fracture and (c) postoperative radiographic view. (d) Radiograph showing the broken elastic

intramedullary nail.

In the literature, complications such as pseudarthro-
sis, permanent shoulder pain, bad aesthetic appearance
and strength loss have been reported following conser-
vative treatment of clavicle fractures. Failure rates of
30% have been reported for the conservative treatment
of clavicle fractures, which supports the effectiveness of
surgical treatment.[#¢7)

Osteosynthesis with plate and screw fixation is the
first treatment choice in cases that require surgical treat-
ment. Currently, there is no consensus on surgical treat-
ment modalities for displaced midshaft clavicle fractures.
(189 Tntramedullary fixation devices such as Knowles
pin, Rockwood pin and titanium elastic nail have been
used for osteosynthesis. However, complications such
as nonunion, implant related problems and shortness
have been reported with these methods in the literature.
Due to its minimally invasive approach, low complica-
tion rates and high patient contentment, locked clavicle
intramedullary nails have become popular.[®”)

The aim of our study was to evaluate the clinical and
radiological results of a new generation, expandable,
elastic and locking intramedullary nails used in the sur-
gical treatment of displaced clavicle fractures.

Patients and Methods

The study retrospectively reviewed 31 patients who un-
derwent surgery for displaced clavicle shaft fractures in
our clinic between 2011 and 2013. Of these, 19 patients
were operated via intramedullary elastic nails for dis-
placed clavicle fracture. Two patients; one with scapula
and humerus fractures and the other with degenerative
arthritis and cervical disc disease, were excluded from
the study. A total of 17 patients (11 males, 6 females;
mean age: 36.4 years, range: 21 to 54 years) were in-
cluded. Indications for surgery were total displacement
and clavicle shortening of more than 2 c¢m. Patients with
neurovascular compromise and patients lost during fol-



Zehir et al. Results of midshaft clavicle fractures treated with expandable, elastic and locking intramedullary nails 15

low-up were excluded.

Patients with clavicle fractures included in the study
were diagnosed using 15° cephalic view radiographs of
the clavicle (Fig. 1a). All operations occurred within 24
hours of injury. After administration of 1 generation
cephalosporin for surgical prophylaxis, patients were po-
sitioned in the beach chair position with the wounded up-
per extremity free for surgery. Intramedullary nailing was
performed according to standard protocols. In B2 type
fractures, the butterfly fragment was stabilized using non-
absorbable sutures in cases in which stability could not be
achieved after reduction of clavicle fracture (Fig. 1b, ¢).

Shoulder sling was applied to all patients for two
weeks postoperatively. Active-assisted shoulder motion
was initiated in a tolerable arc movement at the second
postoperative day. Full range of motion was achieved in
the second week and patients were followed with non-
assisted, active movements. In the sixth postoperative
week, shoulder strengthening exercises were initiated.
Patients were followed up at the postoperative 4™ to
8" and 12 weeks and once every three months. Union
was evaluated using standard radiography for the clav-
icle. The clavicle length was evaluated using computed
tomography in which the patient was positioned in the
supine position, with the arms stretched to both sides.

At the final follow-up, patients were examined for
functional and clinical status by one physician who
had no prior knowledge of the patients. The Constant
Score™ and DASH (Disabilities of The Arm, Shoulder
and Hand) scoring!'? were used to determine functional
status.

All analyses were completed using the SPSS 15.0 for
Windows (SPSS Inc., Chicago, IL, USA) statistics pro-
gram. The Mann-Whitney U test was used for statisti-
cal analysis. P values of less than 0.05 were accepted as
statistically significant.

Results

Fracture etiology was determined falling in 12 (70.6%),
car accidents in four (23.5%) and sports injury in one
(%5.9). According to the AO classification, 14 patients
had B1 and three patients had B2 type clavicle fractures.

The mean operation time was 30.4 (range: 25 to 42)
minutes and the mean follow-up period was 10.3 (range:
8 to 19) months. Mean time to union was 15.8 (range:

9 to 20) weeks.

The injured clavicle was 1.9 (range: 0 to 7) mm
shorter than the non-fractured contralateral clavicle.
However, this difference was not statistically signifi-
cant (p>0.05). Malunion with 10 degrees of deformity

was determined in one patient who had implant failure.
None of the patients required implant extraction during
follow-up. The mean incision length of the whole group
was 3.7 (range: 3 to 5) cm and 3.3 (range: 3 to 4) cm in
Type B1 fractures and 4.1 (range: 3 to 5) cm in Type
B2 fractures. There we no statistical differences between
Type Bl and B2 fractures in radiological and clinical
evaluation (p>0.05).

A superficial infection occutred in one patient and
was treated with wound debridement and antibiother-
apy. None of the patients suffered from neurovascular
compromise, deep infection or experienced implant ir-
ritation. Implant failure developed in one patient with a
Type B1 clavicle fracture, in which the nail’s elastic side
broke at the point on the fracture line at the second post-
operative month (Fig. 1d). All fractures united during
the follow-up without the need for any other interven-
tion. None of the patients suffered from implant migra-
tion or keloid formation.

At the final follow-up, the mean Constant Score
was 94.3 (range: 86 to 97), and DASH score was 11.8
(range: 7.3 to 17.4).

Discussion

Complications following clavicle fractures may lead to
important functional losses.'>'¥) In the literature, some
surgeons prefer surgical treatment due to the disadvan-
tages of conservative treatment.!"*'*'*) A meta-analysis
study of displaced clavicle fractures by McKee et al.l'”)
reported a non-union rate of 15% in conservatively
treated patients and of 1% following surgical treatment.
It was proposed that shoulder pain diminished at an
early stage and better functional results were obtained
with surgery. Osteosynthesis is commonly performed
with plate-screw combination or intramedullary nailing
for displaced clavicle fractures."! Osteosynthesis with
plate-screw combination has been reported to provide a
biomechanically rigid fixation and achieve earlier reha-
bilitation. An additional advantage is the lack of need to
remove the implant.l) However, plate-screw osteosyn-
thesis requires a fair amount of soft tissue dissection.
Complications of conventional plate-screw fixation, such
as infection, hypertrophic scarring, nonunion, implant
loosening, refracture, and implant-related skin irritation
have been reported. The complication rate in patients
with conventional plate-screw fixation was 43%, major
complication rate was 15% and plate removal rate was
necessary in 74%.? Studies comparing locking clavicle
plates and classic dynamic compression plates (DCP)
suggested that locking plates were functionally more suc-
cessful and had lower complication rates than DCP.l¢7)
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In the literature, the Knowles pin, Rockwood pin,
elastic stable intramedullary nail (ESIN) and titanium
elastic nail have been reported as possible alternatives to
intramedullary nailing.*'#?¢) The advantages of intra-
medullary nailing in the treatment of clavicle fractures
include minimal damage to soft tissues and minimal
periosteal disruption that is important for union, high
rates of union, low rates of infection, and fast progression
in shoulder functions. Disadvantages include technical
difficulties, implant migration, need of open reduction
in 50% of cases, inability to apply compression force to
fracture line, and requirement of implant removal.[V2?2%

Thyagarajan et al.?) reported that patients operated
with intramedullary nails (Rockwood pin) were more sat-
isfied aesthetically and hospitalization period was shorter.
According to these results, the authors recommend intra-
medullary nails in the treatment of clavicle fractures.”

Although Chen et al."® reported excellent cosmetic
and functional results with ESINs for the treatment of
clavicle fractures, the authors also reported five skin ir-
ritation problems related with the nails and one implant
failure requiring revision. In another study of 15 cases,
the authors reported excellent functional results with
ESIN and encountered skin irritation in four cases and
acromioclavicular displacement in one.®) In a series of
87 patients operated with ESIN, Kettler et al. encoun-
tered implant migration in 4 patients and non-union in
2 patients and reported implant removal in 82 of 87 pa-
tients."”) In a study including 14 athletes treated with
ESIN, while excellent functional results and early return
to sports activities were reported, mean shortening was
1.7 mm and one patient experienced refracture.*!

Jubel et al.l reviewed 84 midshaft clavicle fractures
operated using intramedullary nail at the sixth month
follow-up and reported skin irritation in the proximal
part of the clavicle where the nail was inserted in five
patients and 1.5 cm shortening in one. The authors con-
cluded that the method should be an alternative to the
conservative approach. In another study on intramedul-
lary nailing, eight superficial skin infections, three refrac-
tures, two delayed unions, two non-unions and patient
dissatisfaction due to surgical scars were reported.”” In a
study evaluating the treatment results of ESIN, Smekal
et al. reported seven cases of nail protrusion from the me-
dial side and two cases of implant failure.” In another
study, ESIN was recommended in simple and interme-
diate pieced fractures but not recommended in cases of
advanced pieced fractures due to serious shortening.**)

King and Tkram reported union time of 13 weeks in
patients treated with elastic locked intramedullary nail-
ing and six weeks of immobilization, along with two im-

plant failures and one infection, and stated that the sur-
gical technique was simple with a short learning curve.**
In our study, the mean time from fracture to union was
15.8 weeks. Nail fracture was seen in one case. However,
union was achieved spontaneously and no further opera-
tion was needed in that patient. Functional and clinical
results were good and the patients reported good satis-
faction, similar to other studies reported in the litera-
ture. The low complication rate might be explained by
the short follow-up or small number of patients.

Intramedullary nailing for clavicle fracture is an alter-
native treatment modality to conservative treatment and
plate-screw osteosynthesis.! Some studies have sug-
gested superior outcomes with intramedullary nailing in
comparison to other surgical modalities.[">420%3]

When compared with plate osteosynthesis, intra-
medullary fixation is technically more diflicult to per-
form and has serious disadvantages and complications
such as migration. However, migration was caused by
the use of the old, rigid intramedullary equipment due
to its lack of a locking system and inability to penetrate
into the clavicle because of its anatomic sigmoid shape.”
We use a locked and semi- elastic intramedullary device
and such a combination may resolve the disadvantages
of the old intramedullary nails. More studies with larger
patient series are needed to prove the implant’s efliciency.
In addition, problems of fixation and shortening in ad-
vanced segmental fractures have not yet been overcome.

Expandable elastic locking intramedullary nails can
be locked in the medial or lateral side, preventing nail
migration and shortening. The nail can be inserted easily
by the elastic part with a minimal incision that protects
the soft tissues around the clavicle. Excellent functional
and aesthetic results can be obtained using the proper
techniques. Although opening of the fracture site might
be seen as a disadvantage, 50% cases of open reduction
in addition to excessive soft tissue damages had been re-
ported with the other intramedullary fixation methods.
(18] After open and closed intramedullary nailing, there
were no significant differences in shoulder functions.?
Disadvantages of our study include the small patient
number and lack of a randomized controlled study.

In conclusion, expandable elastic locking intramedul-
lary nailing appears to be a useful surgical method for
non-comminuted displaced clavicle shaft fractures, with
a minimal complication rate. These implants have supe-
rior technical properties in comparison to other nails,
including the ability to lock the nail from both the lat-
eral and medial side and the inclusion of an elastic part
suitable for the anatomical shape of the clavicle. Addi-
tional long-term studies are necessary to ascertain any
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problems that might occur during nail removal due to its
winged structure.

Conflics of Interest: No conflicts declared.

References

1.

Houwert RM, Wijdicks FJ, Steins Bisschop C, Verleis-
donk EJ, Kruyt M. Plate fixation versus intramedullary
fixation for displaced mid-shaft clavicle fractures: a sys-
tematic review. Int Orthop 2012;36:579-85. Crossef

S Thyagarajan D, Day M, Dent C, Williams R, Evans R.
Treatment of mid-shaft clavicle fractures: A comparative
study. Int ] Shoulder Surg 2009;3:23-7. Crossket

NEER CS 2nd. Nonunion of the clavicle. ] Am Med As-
soc 1960;172:1006-11. CrossRef

Assobhi JE. Reconstruction plate versus minimal invasive
retrograde titanium elastic nail fixation for displaced mid-
clavicular fractures. ] Orthop Traumatol 2011;12:185-92.,
Faldini C, Nanni M, Leonetti D, Acri F, Galante C, Luciani
D, et al. Nonoperative treatment of closed displaced mid-
shaft clavicle fractures. ] Orthop Traumatol 2010;11:229-
36. CrossRef

Lazarides S, Zafiropoulos G. Conservative treatment of
fractures at the middle third of the clavicle: the relevance
of shortening and clinical outcome. ] Shoulder Elbow
Surg 2006;15:191-4. Crosskef

Pearson AM, Tosteson AN, Koval KJ, McKee MD, Cantu
RV, Bell JE, et al. Is surgery for displaced, midshaft clavicle
fractures in adults cost-effective? Results based on a mul-
ticenter randomized, controlled trial. ] Orthop Trauma
2010;24:426-33. CrossRef

Hartmann F, Hessmann MH, Gercek E, Rommens PM.
Elastic intramedullary nailing of midclavicular fractures.
Acta Chir Belg 2008;108:428-32.

Duan X, Zhong G, Cen S, Huang E, Xiang Z. Plating ver-
sus intramedullary pin or conservative treatment for mid-
shaft fracture of clavicle: a meta-analysis of randomized

controlled trials. ] Shoulder Elbow Surg 2011;20:1008-15.

10. Jubel A, Andermahr J, Prokop A, Isenberg ], Rehm KE.

11.

12.

Minimal invasive biological osteosynthesis of the clavicle
with a titanium nail. [Article in German] Kongressbd
Dtsch Ges Chir Kongr 2002;119:485-90. [Abstract]
Constant CR, Murley AH. A clinical method of func-
tional assessment of the shoulder. Clin Orthop Relat Res
1987;214:160-4. Crosskef

Hudak PL, Amadio PC, Bombardier C. Development of
an upper extremity outcome measure: the DASH (dis-
abilities of the arm, shoulder and hand) [corrected]. The
Upper Extremity Collaborative Group (UECG) AmJ Ind
Med 1996;29:602-8. Crosskef

13. Jupiter JB, Leffert RD. Non-union of the clavicle. Associ-

ated complications and surgical management. ] Bone Joint

Surg Am 1987;69:753-60.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Zlowodzki M, Zelle BA, Cole PA, Jeray K, McKee MD;
Evidence-Based Orthopaedic Trauma Working Group.
Treatment of acute midshaft clavicle fractures: systematic
review of 2144 fractures: on behalf of the Evidence-Based
Orthopaedic Trauma Working Group. ] Orthop Trauma
2005;19:504-7. CrossRef

McKee MD, Wild LM, Schemitsch EH. Midshaft mal-
unions of the clavicle. ] Bone Joint Surg Am 2003;85:790-
7.
Nowak ], Holgersson M, Larsson S. Sequelae from cla-
vicular fractures are common: a prospective study of 222
patients. Acta Orthop 2005;76:496-502. crossket

Cho CH, Song KS, Min BW, Bae KC, Lee K]J. Opera-
tive treatment of clavicle midshaft fractures: comparison
between reconstruction plate and reconstruction locking
compression plate. Clin Orthop Surg 2010;2:154-9. Crosskef
Chen QY, Kou DQ, Cheng XJ, Zhang W, Wang W, Lin
ZQ, et al. Intramedullary nailing of clavicular midshaft
fractures in adults using titanium elastic nail. Chin ] Trau-
matol 2011;14:269-76.

Kettler M, Schieker M, Braunstein V, Kénig M, Mutschler
W. Flexible intramedullary nailing for stabilization of dis-
placed midshaft clavicle fractures: technique and results in
87 patients. Acta Orthop 2007;78:424-9. Crossket

Mueller M, Burger C, Florczyk A, Striepens N, Rangger
C. Elastic stable intramedullary nailing of midclavicular
fractures in adults: 32 patients followed for 1-5 years. Acta
Orthop 2007;78:421-3. Crossret

Meier C, Grueninger P, Platz A. Elastic stable intramedul-
lary nailing for midclavicular fractures in athletes: indica-
tions, technical pitfalls and early results. Acta Orthop Belg
2006;72:269-75.

Grassi FA, Tajana MS, D’Angelo F. Management of mid-
clavicular fractures: comparison between nonoperative
treatment and open intramedullary fixation in 80 patients.
J Trauma 2001;50:1096-100. CrossRef

Smekal V, Irenberger A, Struve P, Wambacher M, Krap-
pinger D, Kralinger FS. Elastic stable intramedullary nail-
ing versus nonoperative treatment of displaced midshaft
clavicular fractures-a randomized, controlled, clinical trial.
J Orthop Trauma 2009;23:106-12. crosskef

Smekal V, Irenberger A, Attal RE, Oberladstaetter ], Krap-
pinger D, Kralinger F. Elastic stable intramedullary nailing
is best for mid-shaft clavicular fractures without comminu-
tion: results in 60 patients. Injury 2011;42:324-9. crossket
King R, Tkram A. Intramedullary locked fixation of clavi-
cle shaft fractures: review of early results. ] Bone Joint Surg
Br 2013;95:Supp 29-71.

Kraus TM, Martetschliger F, Schrédl C, Siebenlist S,
Ganslmeier A, Kirchhoff C, et al. Elastic stable intramed-
ullary nailing of clavicular midshaft fractures: comparison
of open vs closed fracture reduction. [Article in German]

Unfallchirurg 2013;116(2):102, 104-8. [Abstract] crossket


http://dx.doi.org/10.1007/s00264-011-1422-4
http://dx.doi.org/10.4103/0973-6042.57895
http://dx.doi.org/10.1001/jama.1960.03020100014003
http://dx.doi.org/10.1007/s10195-011-0158-7
http://dx.doi.org/10.1007/s10195-010-0113-z
http://dx.doi.org/10.1016/j.jse.2005.08.007
http://dx.doi.org/10.1097/BOT.0b013e3181c3e505
http://dx.doi.org/10.1016/j.jse.2011.01.018
http://dx.doi.org/10.1097/00003086-198701000-00023
http://dx.doi.org/10.1002/(SICI)1097-0274(199606)29:6<602::AID-AJIM4>3.0.CO;2-L
http://dx.doi.org/10.1097/01.bot.0000172287.44278.ef
http://dx.doi.org/10.1080/17453670510041475
http://dx.doi.org/10.4055/cios.2010.2.3.154
http://dx.doi.org/10.1080/17453670710014022
http://dx.doi.org/10.1080/17453670710014013
http://dx.doi.org/10.1097/00005373-200106000-00019
http://dx.doi.org/10.1097/BOT.0b013e318190cf88
http://dx.doi.org/10.1016/j.injury.2010.02.033
http://dx.doi.org/10.1007/s00113-011-2059-x

