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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objectives: Titanium Elastic Nail (TEN) fixation provides 

superior clinical and cosmetic outcomes with fewer 
complications compared to plating or Kirschner wire fixation in 
pediatric clavicle fractures.
Background:

Clavicle fractures account for about 10% of all paediatric 
fractures[1]. In displaced or unstable cases, surgical fixation 
is increasingly advocated. Titanium elastic nails (TEN) offer a 
minimally invasive intramedullary fixation option, but outcomes 
in children remain less widely documented.

Design: Retrospective cohort design study.
Setting: Single tertiary care center.
Patient Selection: Patients aged 10–18 years with acute 

clavicle fractures treated surgically between January 2021 and 
December 2024 were included. Patients were selected according 
to OTA/AO classification. Surgical technique selection was 
based on fracture characteristics: midshaft fractures with 
moderate displacement (15A-B types) were primarily treated 
with TEN fixation (n=48); severely comminuted or segmental 
fractures requiring anatomical plate fixation (n=11, 15C type); 
and simple transverse fractures amenable to K-wire fixation 
(n=13, 15A type). The observed difference in group sizes 
reflects the clinical distribution of fracture patterns and the 
preferential use of TEN for appropriate cases during the study 
period. Exclusion criteria included pathologic fractures, open 
fractures requiring complex reconstruction, and noncompliance 
with follow-up.

Outcomes: Primary outcome – radiographic union. Secondary 
outcomes – complications, functional outcomes, cosmetic 
satisfaction. Comparisons made between TEN, plating, and 
K-wire groups.

Data Collection: Extracted from electronic medical and 
radiographic records by two independent reviewers.
Methods:

This is a retrospective review of 72 pediatric patients (age 
10–18) with clavicle fractures treated surgically at our center 
from 2021 to 2024. Fixation techniques included closed 
reduction with TEN (n = 48), open reduction with plating (n = 
11), and intramedullary Kirschner wires (n = 13). We evaluated 
radiographic union, complications, functional outcomes, and 
cosmetic satisfaction.
Results:
Demographics and Baseline Data:

Seventy-two patients (58 males, 14 females; mean age 14 ± 4 
years) were included. Mean follow-up was 12 months.

Radiographic Union and Healing:
Union achieved in 47/48 TEN, 9/11 plating, 12/13 K-wire 

cases. Mean union time 4 ± 1 weeks for TEN group. No 
statistically significant difference in union time across groups.
Complications:

TEN: skin irritation (n=1). Plating: non-union (n=1), plate 
deformation (n=1), refracture (n=1). K-wire: migration (n=3). 
No infections noted.
Functional Outcomes:

All patients achieved near-normal shoulder motion. Return to 
sport earliest in TEN group (~4 weeks).
Cosmetic Satisfaction:

TEN: minimal scarring (~1.5 cm incision) and excellent 
satisfaction. Plating and K-wire: visible scars and hardware 
prominence complaints.
Comparisons Between Groups:

Equivalent union rates observed, but TEN group had fewer 
complications and superior aesthetics.
Conclusions:

• Titanium Elastic Nails (TEN) provide effective, minimally 
invasive fixation for pediatric clavicle fractures.

• Faster recovery and better cosmetic outcomes than plating 
or K-wires.

• Low complication rate and high union success make TEN a 
preferred option in eligible pediatric cases.
Level of Evidence: III

Key words. Clavicle fracture, paediatric trauma, titanium 
elastic nails, intramedullary fixation, minimally invasive 
surgery.
Rationale.

Because Evidence of TEN use in Pediatric cavicle fractures is 
limited, there is a need for comperative clinical data evaluation 
its effectiveness, safety and cosmetic outcomes relative to 
plating and K-wires.
Hypothesis.

Titanium Elastic Nail (TEN) fixation results in comparable 
union rates but offers lower Complication rates, faster functional 
recovery, and superior cosmetic outcomes compared with plate 
fixation and k wire fixation in pediatric midshaft clavicle fractures.
Introduction.

Clavicle fractures are among the most common fractures in 
children, accounting for approximately 10% of all pediatric 
fractures [2]. They are responsible for 95% of trauma- related 
injuries diagnosed at birth [3,4,5].
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In 87% of cases, the mechanism of injury involves a lateral 
fall onto the shoulder, while falls onto an outstretched arm are 
relatively uncommon [6]. Direct trauma, including road traffic 
accidents, is also a frequent cause [7]. Among these, 40% 
occur in cyclists, 17% in motorcyclists, and another 17% in 
pedestrians [8].

Clavicle fractures are usually isolated injuries, but in cases of 
high-energy trauma, they may be associated with complications 
such as pneumothorax or hemothorax. Due to the clavicle's 
proximity to vital structures - including the subclavian artery and 
the brachial plexus - there is a risk of injury to these structures 
during the fracture process.

The clavicle is an S-shaped tubular bone composed of a 
body and two ends, articulating laterally with the acromion at 
the acromioclavicular joint medially with the sternum at the 
sternoclavicular joint. Because of its subcutaneous location, the 
clavicle is most susceptible to fractures at the midshaft, where it 
is thinnest and lacks ligamentous attachments.

According to Allman's classification, clavicle fractures are 
divided into three groups based on anatomical location [9]:

• Group I: Fractures of the midshaft (most common).
• Group II: Fractures of the distal third.
• Group III: Fractures of the proximal third.
In children under 10 years of age, clavicle fractures are 

typically non-displaced. Fragment displacement becomes more 
common in older children [10]. Swelling of the arm and pain 
may develop within 24–48 hours of injury due to gravitational 
fluid accumulation, potentially leading to numbness, pain, 
swelling, discoloration of the fingers hand.

Diagnosis of clavicle fractures is usually straightforward [11]. 
Routine investigations include:

I.	 Anteroposterior (AP) X-ray
II.	 45° cephalic tilt view X-ray – enhances evaluation of 

displacement and reduces overlap of the first rib and scapula.
In proximal or lateral fractures with joint involvement, 

CT imaging is recommended. For suspected pneumothorax, 
an expiratory chest X-ray should be performed. In cases of 
suspected neurovascular injury, arteriography, ultrasound, or 
CT angiography may be required.

Allman’s classification was later modified by Neer, who 
described the following fracture types:

Type I: Minimally displaced fractures involving an intact 
coracoclavicular ligament. These are typically managed non-
operatively.

Type II: The medial fragment is displaced downward due to 
traction by the sternocleidomastoid muscle, while the distal 
fragment is displaced upward. This fracture presents with 
outward deformity and carries a high risk of nonunion [12].

Type III: The fracture extends into the acromioclavicular 
joint but without significant displacement. These are usually 
managed conservatively; however, late degenerative changes 
may require distal clavicle resection.

Although various operative methods exist—including plate 
fixation and K-wire fixation—evidence supporting the use of 
Titanium Elastic Nails (TEN) for pediatric midshaft clavicle 
fractures remains limited. Few comparative studies have 
evaluated its clinical effectiveness, complication profile, and 

cosmetic outcomes relative to established techniques. This gap 
in the literature underscores the need for further investigation.

Therefore, the aim of this study is to compare TEN fixation 
with plate fixation and K-wire fixation in pediatric midshaft 
clavicle fractures. We hypothesize that TEN fixation achieves 
comparable union rates while providing lower complication 
rates, faster functional recovery, and superior cosmetic results.
Materials and Methods.
Study design & Patient Selection: 

•	 Design: Retrospective cohort study.
•	 Time frame: January 2021 to December 2024.
•	 Inclusion criteria: Ages 10 to 18 years; acute clavicle 

fractures treated surgically; minimum follow-up of 12 months 
(see: Figure 1 and Figure 2).

•	 Exclusion criteria: Pathologic fractures, open 
fractures requiring complex reconstruction, noncompliance 
with follow-up.

Figure 1. The clavicle fractures of Patient Ch.G., a 14-year-
old, presented with a midshaft fracture of the right clavicle with 
displacement, before TEN fixation is shown.

Figure 2. Patient G.N., a 10-year-old, presented with a displaced 
midshaft fracture of the left clavicle, as shown in Figure 2 prior to 
TEN fixation.

Figure 3. Patient Ch.G., a 14-year-old, underwent intramedullary 
osteosynthesis of a right clavicle fracture using a titanium elastic nail.
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Between 2021 and 2024, at our center, 72 patients aged 10 to 
18 years were admitted with various types of clavicle fractures, 
all requiring surgical intervention. Among them, 58 were boys 
and 14 were girls. Fractures were right-sided in 34 patients left-
sided in 38.
Treatment Arms:

• TEN group (n = 48): Closed reduction and intramedullary 
fixation using a single titanium elastic nail under fluoroscopic 
guidance. (See: Figure 3 and Figure 4.)

• Plating group (n = 11): Open reduction and internal fixation 
with plate & screws

• K-wire group (n = 13): Open reduction and intramedullary 
Kirschner wire fixation
Surgical Technique:

TEN
• Position: beach chair (semi-sitting)
• Approach: ~1–1.5 cm incision ~2 cm lateral to the sternal end
• Reduction: Using bone-holding forceps under fluoroscopy
• Nail insertion: A single TEN inserted via entry point at 

sternal end
• Closure: Layered, cosmetic skin suture, sterile dressing
Closed reduction of the fracture fragments is performed using 

pointed bone-holding forceps. Once anatomical reduction is 
achieved, intramedullary fixation is carried out using a single 
titanium elastic nail, inserted through an entry point previously 
created at the sternal end of the clavicle with a triangular 
retractor.

Following adequate hemostasis, the wound is closed in layers, 
and a cosmetic epidermal suture is placed on the skin. A sterile 
dressing is applied.

Closed reduction internal fixation of the fracture using a 
titanium elastic nail is performed under C-Arm guidance.
Postoperative Care & Follow-up:

• Immobilization: arm support, for ~1 week.
• Rehabilitation protocol: No limit to the range of motion since 

the day 1. Full activity resumed in 1 month.
• Follow-up schedule: ~ 4 weeks after the surgery.
• Outcome measures:
• Radiographic union: ~ 4 weeks to union, (bridging callus)

• Complications infection – 0 - non-union, 1 case of implant 
irritation, 0 - migration, reoperation – 0.

• Functional outcomes: Full range of motion, same strength as 
before Surgery.

• Cosmetic satisfaction: Scar - Approximately 1.5cm.
• Return to activity/sport: in ~4 weeks.

Results.
Radiographic Union & Healing:
• In the TEN group, union was achieved in 47/48 cases within 

a mean of 4 ± 1 weeks.
• Plating group: union in 9/11 cases by mean weeks
• K-wire group: union in 12/13 cases, delayed in one

Complications:

• TEN: minor complications: skin irritation n = 1
• Plating: non-union n=1, Plate deformation n=1, refracture 

n=1, Infection n=0.
• K-wire: migration n=3, pin tract infection n=0, reoperations n=0.

Functional Outcomes & Range of Motion:
• All patients regained near-normal full shoulder range of 

motion by last follow-up
• Comparison of degrees of flexion, abduction, external 

rotation among groups
• Time to full activity, return to sport

Cosmetic & Patient Satisfaction:
• In TEN group: minimal scarring, good contour, high cosmetic 

satisfaction scores
• In plating group: more extensive scar, occasional complaints 

of hardware prominence
• In K-wire group: pin tract scars, occasional skin irritation

Comparisons Between Groups:
• TEN vs plating: no significant difference in union time, but 

less soft tissue trauma, fewer complications. 
• TEN vs K-wire: better stability, fewer hardware-related 

complications.
Discussion.

Summary of Current Study Results: TEN fixation showed 
high union rates, minimal complications, and faster recovery in 
pediatric clavicle fractures.

Summary of Relevant Literature: Existing reports describe 
good plating outcomes but greater soft-tissue disruption, 
while K-wires risk migration and infection. During the study 
period, K-wire fixation was utilized in selected cases due to 
considerations including lower implant cost, reduced procedural 
complexity compared to TEN, and limited availability of 
specialized elastic nail instrumentation at the institution during 
the earlier phase of the study. However, the observed migration 
rate in our K-wire cohort (3/13 cases, 23%) aligns with reported 
complications in the literature and contributed to the subsequent 
preferential adoption of TEN fixation for appropriate fracture 
patterns.

Comparison with Literature: Findings align with prior data 
favoring TEN for minimally invasive fixation and faster return 
to activity.

Limitations: Retrospective design, single-center scope, modest 
cohort size, and limited follow-up.

Figure 4. Patient G.N., a 10-year-old, underwent intramedullary 
osteosynthesis of a left clavicle fracture using a titanium elastic nail.

Group Number of 
Patients Mean Age Sex (M/F) Fracture 

Type
TEN 48 14 ± 4 38/10 15A–B
Plating 11 14 ± 4 9/2 15C
K-wire 13 14 ± 4 11/2 15A
TEN 48 14 ± 4 38/10 15A–B

Table 1. Demographics & Baseline Data.
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Take-Home Points and Conclusions: TEN fixation is reliable, 
cosmetically favorable, and minimally invasive, supporting its 
use in pediatric midshaft clavicle fractures.
Main Findings.

This study demonstrates that Titanium Elastic Nail (TEN) 
fixation is a safe, effective, and minimally invasive surgical 
technique for treating displaced clavicle fractures in children 
aged 10–18. Among the 72 paediatric cases evaluated, patients 
treated with TEN (n=48) experienced high union rates, minimal 
complications, and excellent cosmetic and functional outcomes. 
These results support TEN as a preferred option for midshaft 
clavicle fractures in the paediatric population.
Comparison with Literature:

The current literature reports good outcomes with plate 
fixation in paediatric clavicle fractures, but plating requires 
more extensive soft tissue dissection, which increases the risk 
of infection and scarring. Similarly, Kirschner wire (K-wire) 
fixation, while less invasive than plating, carries a higher risk 
of migration, infection, and often requires secondary removal.

In contrast, our results show that TEN fixation leads to 
superior functional outcomes, with a lower complication rate 
and reduced need for hardware removal compared to plating 
and K-wire fixation. Prior reports of TEN in adult clavicle 
fractures have shown comparable union rates and faster return to 
function, aligning with our findings in the paediatric population. 
However, literature on paediatric clavicle TEN use remains 
limited, and our study adds valuable clinical data supporting its 
efficacy in children.
Biomechanics:

TEN offers elastic, intramedullary fixation, which allows for 
dynamic axial stability and load-sharing across the fracture 
site. This differs from rigid plating, which may inhibit micro-
movement needed for callus formation. By occupying the 
medullary canal and conforming to the natural S-shape of 
the clavicle, the nail provides three-point fixation, facilitating 
proper alignment while minimizing disruption to surrounding 
tissues. The technique also preserves the periosteal blood 
supply, supporting faster and more reliable bone healing.
Advantages of TEN in Paediatric Clavicle Fracture:

• Minimally invasive approach, resulting in smaller incisions 
and better cosmetic outcomes.

• Preservation of soft tissues and the periosteal blood supply, 
crucial for bone remodelling in children.

• Shorter hospital stays and quicker return to daily activities 
compared to plating.

• Lower hardware profile, which reduces irritation and often 
eliminates the need for a second surgery for removal.

• Favorable aesthetic results due to minimal scarring and less 
soft tissue disruption.
Clinical Implications & Indications:

TEN appears particularly suited for:
• Midshaft clavicle fractures in paediatric patients with 

moderate displacement
and sufficient bone stock.
• Cases where soft tissue preservation and cosmetic outcome 

are priorities.
• Children and adolescents with low to moderate activity levels 

during the initial healing phase.
Plating may still be preferred in:
• Highly comminuted fractures
• Segmental injuries
• Fractures where anatomical alignment cannot be maintained 

intramedullary K-wire fixation can be reserved for:
• Simple, non-comminuted fractures
• Situations where TEN or plating is not feasible due to 

equipment or technical limitations.
Conclusion.

Intramedullary osteosynthesis using titanium elastic nails 
(TEN) is a promising surgical treatment for clavicle fractures 
in children. This minimally invasive technique is less traumatic, 
allows for faster recovery, and is particularly well-suited for the 
pediatric population. It is associated with minimal complications, 
with most risks related primarily to general anesthesia.

The method enables stable fracture fixation without the 
need for external immobilization, enhancing patient comfort 
during the recovery period. Additionally, aesthetic outcomes 
are favorable, with minimal soft tissue disruption and reduced 
scarring.
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