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ABSTRACT

Radial neck fracturesin children are relatively rare injuries, accounting for
1-5% of all paediatric fractures around elbow. Most of them being
non-displaced or slightly displaced can be treated conservatively. Severely
displaced or angulated radial neck fractures (Judet type Il and IV /
O’Brien type Il ) require surgical intervention. To study the clinical and
radiological outcomes retrograde elastic intramedullary nail (ESIN)
fixation done for isolated radial neck fractures in paediatric age group.
There were 7 cases with displaced radial neck fracture( Judet type I, IlI
and IV fractures O’Brien type I, lll who underwent closed/open reduction
and retrograde ESIN stabilization using K-Wires/Rush Nail/TEN. Functional
outcomes were evaluated based on of Mayo Elbow Performance (MEP)
Score. All patients achieved complete radiographic healing at a mean of
6 weeks. The mean length of hospital stay was 3 days. Out of 7 patients,
5 patients had an excellent functional outcome and 2 had a good
functional outcome. The lowest functional Score was seen in the patient
having longest injury to surgery interval and the same patient had
requirement to undergo open reduction for the procedure The use of
retrograde ESIN fixation for treating radial neck fractures of paediatric
age group shows very good functional and cosmetic results, allowing for
rapid pain reduction and mobilization. It is a simple, minimally invasive
and reproducible technique with a low complication rate. Owing to
excellent results, surgical stabilization of radial head and neck fractures
using retrograde ESIN fixation is recommended in children and
adolescents.
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INTRODUCTION

Radial neck fractures occur in 5-10% of all traumatic
injuries of the elbow in the paediatric age group and
account for 1% of all paediatric fractures™?.
Undisplaced radial neck fractures are treated
conservatively. The outcome of these fracturesis good.
However, displaced radial neck fractures have fair to
poor outcomes even with operative management. In
most of these cases, there may be stiffness and a
permanent loss of motion™*.

O’Brien Classification for Radial Neck Fracture

Type 1 Deviation Angle <30°
Type 2 Deviation Angle 30°-60°
Type 3 Deviation Angle >60°

Judet Classification for Radial Neck Fracture
Type | Undisplaced

Type Il < 30 degrees

Type lll 30-60 degrees

Type IVa 60-80 degrees

Type IVb More than 80 degrees

The ossification center of the proximal radial epiphysis
appears at the age of 4-6 years. The epiphysis closes at
the age of 14-17 years. Fractures through the articular
surface of the radial head are rare in children. The
epiphysis with a metaphyseal chunk of the radial neck
is the most common site of fracture'®. Several surgical
methods for treating radial neck fractures have been
described, but the majority of them had poor and
unsatisfactory outcomes®™. Surgical management of
paediatric radial neck fractures can be challenging.
Multiple strategies exist for reduction and fixation of
these fractures without clear consensus on the most
appropriate approach for surgical treatment of these
injuries. Concerns about elbow stiffness and avascular
necrosis exist with open techniques, and while closed
or percutaneous reduction options are favoured, these
are often technically challenging with only a limited
number of attempts recommended before resorting to
open techniques due to concerns regarding increased
injury, bleeding and stiffness with repeated attempts'”
°In our study, displaced radial neck fractures were
treated with closed or open reduction methods and
fixed with retrograde ESIN from the distal part of the
radius. The clinical and radiological outcomes after
treatment were analysed.

MATERIALS AND METHODS

A prospective study was conducted in the Department
of Orthopaedics, SMIMER Hospital, Surat, Gujarat,
India. The study period was from July 2022 to
November 2024. There were 7 patients with radial
neck fractures who were treated with closed reduction
or open reduction and retrograde ESIN fixation.

Inclusion Criteria:
e All paediatric (Age<16 years) radial neck fractures
that are displaced or Judet types II, Ill and IV

fractures or O’Brien types Il and Il radial neck
fractures)™®*,

e  Fracture within 2 weeks of injury.

e Patient’s parents who gave written consent.

Exclusion Criteria:
e Open fracture.
e  Comminuted fracture.

Fig:1 Pre Operative Xray (Case no. 3)

Patients were evaluated for functional outcome upon
subsequent follow ups using the Mayo Elbow
Performance (MEP) Score:

Vriable Defination No of Points
Pain (Pain max., 45 points) None 45
Mild 30
Moderate 15
Severe 0
Range of motion (max Are >100° 20
20 points) Are 50-100° 15
Are <50° 5
Stability (max., 10 points) stable 10
Moderately unstable 5
Grossly unstable 0
Function (max., 25 points) Able to comb hair 5
Able to feed oneself 5
Able to perform personal 5
hygiene tasks
Able to put on shirt 5
Able to put on shoes 5

Excellent: Score between 90 and 100.
Good: Between 75 and 89.

Fair: Between 60 and 74.

Poor: <60 points.

Surgical Technique: All children were anaesthetized,
and upper limb placed in the supine position on a
radiolucent operating table. The fracture was first
reduced by external manoeuver in the frontal plane
with fluoroscopic verification. Kirschner’s wires
(K-wires), Rush nails or Titanium intramedullary nails
(TEN)were used in all patients for fixation. The
diameter and length of the nails were selected
according to the bone length and child’s age. An
incision was made proximally from the distal radial
physic, carefully protecting the superficial branch of
the radial nerve. Using an entry awl/ drill, an entry
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point was made 2 cm proximal to the physis™. The
ESIN was attached to a T-handle and using the image
intensifier, advanced proximally with gentle rotational
movements until it reaches the fracture. External
manipulation was used to try and reduce the fracture
as much as possible.

Fig. 2 : Entry into intramedullary cavity and ESIN entry

)
)

ixation with ESIN

Fig. 3: Advancement an

In case of unsatisfactory results by external
manipulation, few methods for closed reduction were
tried: Under the guide of the C-arm image intensifier,
a leverage K-wire with a 2.0mm diameter was per
cutaneously inserted into the bone fragment from the
displacement direction of the fractured radial neck
fragment. Reduction of the fracture was achieved by
leveraging the K-wire and through manual reduction.
Then reduction was confirmed with an image
intensifier (Fig. 1a, b, c). If the reduction failed, the
proximal fracture portion moved dorsally and ventrally
after several manipulations, one additional manoeuvre
followed. Keeping the injured elbow flexion and
neutral position, we let the assistant or surgeon
himself with their thumb and index or middle finger to
clamp toughly the anterior and posterior of the space
between the distal fracture and capitellum to prevent
movementin the proximal fracture portion (Fig. 1d and
Fig. 2). Then, leverage was conducted again to achieve
fracture reduction'™. The Wallace technique for
reduction of radial neck fractures is a previously
described technique that employs percutaneous
leverage for the reduction of radial neck fractures. A
small incision is made on the dorsal subcutaneous

border of the ulna at the level of the bicipital
tuberosity. An elevator is then placed in the space
between the radius and ulna. The elevator is then used
to reduce the ulnarly deviated radial shaft to the radial
head”**. If reduction is imperfect, the Metaizeau
technique is then into anatomical position'*?. The nail
was advanced with gentle taps across the fracture and
up to the subchondral bone, avoiding penetration of
the joint. This helps to disimpact the fracture and gives
better anchoring of the nail. Then, the nail was rotated
180° so that the tip pointed medially, reducing the
fracture. If not successful, a second attempt was made.
If the reduction was still not satisfactory, a K-wire was
inserted percutaneously through the fracture from the
lateral side and used as a lever arm to reduce the
fracture™”.,

Fig. 4: Metaizeau Technique

Only if unsatisfactory reduction is obtained by closed
techniques, is an open approach used for reduction.
Thus, after satisfactory reduction is achieved, the
fracture was fixed with ESIN.

ALt

Fig. 5: Post Operative X-Ray

Post Operative Care and Follow up: The operated
limb is placed in a plaster in neutral position and
patient is discharged from hospital after appropriate
time, allowing for adequate antibiotic and analgesic
coverage and called for regular follow-up for stitch
removal at 14 days. Thereafter regular follow-up every
14 days is advised till 2 months and check X-rays are
performed as required. After signs of complete clinical
and radiographicunion, generally around 12-16 weeks,
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Table 1: Cases Under Study and Outcomes

Case No. 1 2 3 4 5 6 7
Sex F M M F F F M
Age mean 10.99 years 10 14 10 8 16 9 1
Injurysurgery interval (days) mean 2.42 days 4 1 2 0 3 0 7
Judet Type 1 IVa IVb ] IVa 1 Vb
O'Brien type 2 2 2 2 3 2 3
Reduction method Closed Closed K-wire assisted Closed Closed Closed open
Surgery to Union time (weeks) mean 6 weeks 6 8 6 4 8 4 6
Surgery to ESIN removal time (weeks) mean 13.57 12 14 13 12 16 13 15
MEPS out of 100 mean 91.42 95 90 95 100 85 95 80
Functional Outcome (based on MEPS) Excellent Excellent Excellent Excellent Good Excellent Good

the ESIN is removed and movement of limb through
full range of motion is encouraged. Patient is then
followed up for evaluation of restoration of function of
limb by the MEP score upon full recovery, generally
around 6-8 months.

Fig. 6: After removal of ESIN at 13 weeks Post Op and
6 months Post Op

Fig. 7: Clinical Outcome at 6 months Post Op (carrying
angle, flexion, extension, pronation and
supination)

RESULTS AND DISCUSSIONS

All patients achieved complete radiographic healing at
a mean of 6 weeks. The nails were removed at a mean
of 13.57 weeks. The mean age at the time of the
surgery was 10.99 years. There seems to be nearly
equal distribution of radial neck fracture among male
and female patients (3 and 4). Lower number of
fractures was found in adolescents and higher in
elementary school aged children (2 and 5). The mean
total operative time was 32.8 minutes. The mean
length of hospital stay was 3 days. In 15 (57.7%) of the
patients, the fracture was treated with closed

reduction. Owing to difficulty in reduction and soft
tissue interposition, the fracture was reduced with
percutaneous K-wire assistance in 1 patient and with
an open reduction in 1 patient. There was no instance
of nail migration during the postoperative period and
complications such as radial head necrosis, posterior
angulation of >15° and dislocation of the radial head
were not seen in any cases. Out of 7 patients, 5
patients had an excellent functional outcome and 2
had a good functional outcome. The lowest functional
Score was seen in the patient having longest injury to
surgery interval and the same patient had requirement
to undergo open reduction for the procedure. There
are several treatment possibilities for Judet type Illand
IV fractures including: percutaneous pinning"**”, ESIN
technique proposed by Metaizeau®*! and open
reduction with or without internal fixation®. It is
widely reported in the literature that open reduction
leads to worse outcomes instead of a good reduction
of the fracture™®??, |n fact, after open reduction, the
incidence of avascular necrosis, proximal synostosis,
heterotopic ossification, infection, premature physeal
closure and loss of ROM is higher than after closed
reduction®**?>?"] Therefore, percutaneous methods
of reduction have been developed in an effort to avoid
the higher incidence of complications associated with
open reduction. However, some radial neck fractures,
in particular severely displaced, are impossible to
reduce with closed methods, requiring open
reduction®*®?), We observed good to excellent
functional results without affecting the elbow range of
motion or patients’ activities of daily life, which goes to
support the statement that this approach can also be
an alternative surgical procedure in the treatment of
displaced radial neck fractures in adults. The
advantages of this minimally-invasive technique are
found in the avoidance of implant-related
complications like screw dislocation or perforation
affecting the proximal radio-ulnar joint®”. In addition,
the ORIF is associated with a higher rate of avascular
necrosis®*?, proximal synostosis®, heterotopic
ossifications®, infection and loss of ROM®*!, especially
in those cases where the plate has to be positioned out
of the safe zone due to fracture pattern®’. A
disadvantage to our method is the need for a second
surgery for hardware removal, requiring good patient
education, motivation and follow up. Additionally, not
all paediatric radial neck fractures may be amenable to
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this method of fixation. In our series, the median age
at time of injury was 10.99 years old, but it is certainly
possible that in very young children with Salter-Harris
type | fractures, intramedullary fixation may instead
result in pushing the fragment further away, which
may be further complicated by percutaneous reduction
manouvers. We also realized the concern for
immobilization of the elbow postoperatively after
stabilization of the radial neck fracture. We have not
observed any long-term complications resulting from
this period of immobilization, however and we do feel
that this relatively brief period is necessary and allows
for a balance between fragment control while the
fracture heals and a short enough duration to prevent
undesired permanent loss of movement of the elbow.
A final drawback to our study is that this is from a
single institution with limited follow-up.

CONCLUSION

Surgical treatment of radial head fractures in children
with flexible intramedullary nail provided good
functional outcome, being a good option for treating
this injury. The use of retrograde ESIN fixation for
treating radial neck fractures of paediatric age group
shows very good functional and cosmetic results,
allowing for rapid pain reduction and mobilization. It is
a simple, minimally invasive and reproducible
technique with a low complication rate Compared to
ORIF, this surgical technique has a minor complication
rate, though crucial care has to be taken to avoid any
harm to the superficial radial nerve during the
approach. Owing to excellent results, surgical
stabilization of radial head and neck fractures using
retrograde ESIN fixation is recommended in children
and adolescents Further research into various methods
and variables needs to be done to aid in treatment of
this relatively rare type of injury.

REFERENCES

1. Sapkota, K., N. Ranjeet, P.R. Onta and P. Thapa.,
2022. The outcome of Radial Neck Fracture
Treated with Closed/Open Reduction and
Retrograde Kirschner Wires Fixation in the
Paediatric Age Group. Kathmandu Univ Med J.,
80: 467-471.

2. Tachdjian, M.0., 1994. Clinical pediatric
orthopedics. CT: Appleton & Lange, Stamford,.

3. Wilkins, K., 1991. Fractures and dislocations of
the elbow region. In: Fractures in Children
Lippincott., In: Rockwood, C.A., K.E. Wilkins and
R.E. King, editors., (Eds.)., Philadelphia, O pp:
728-751.

4, Branddo, G.F., C.B. Soares, L.E.M. Teixeira and
L.D. Boechat, 2010. Displaced Radial Neck
Fractures in Children: Association of the
Métaizeau and Bohler Surgical Techniques. J.
Pediatr. Orthop.s, 30: 110-114.

5.

10.

11.

12.

13.

14.

15.

16.

17.

Ugutmen, E., K. Ozkan, F.U. Ozkan, E. Eceviz, F.
Altintas and K. Unay, 2010. Reduction and
fixation of radius neck fractures in children with
intramedullary pin. J. Pediatr. Orthop.s B, 19:
289-293.

D’souza, S., R. Vaishya and L. Klenerman., 1993.
Management of radial neck fractures in

children: a retrospective analysis of one
hundred patients. J Pediatr Orthop., 13:
232-238.

Watkins, C.J., C.M. Yeung, E. Rademacher and
D.E. Kramer, 2020. Percutaneous leverage
technique for reduction of radial neck fractures
in children: Technical tips. J. Children's Orthop.s,
14:118-124.

Zimmerman, R.M., L.A. Kalish, M.T. Hresko, P.M.
Waters and D.S. Bae, 2013. Surgical
Management of Pediatric Radial Neck Fractures.
The J. Bone & Joint Surg., 95: 1825-1832.

Pring, M.E., 2012. Pediatric Radial Neck
Fractures. Ovid Technologies (Wolters Kluwer
Health), J. Pediatr. Orthop.s, 32: 14-21.

Judet, J., R. Judet and J. Lefranc., 1962. Fracture
du col radial chez I'enfant. Ann Chir., 16:
1377-1385.

BRIEN, P.1., 1965. Injuries Involving the Proximal
Radial Epiphysis. Clin. Orthop.s Related Res., 41:
51-58.

Pogorelic, Z., A. Capitain, M. Jukic, M. Zufic and
D. Furlan., 2020. Flexible intramedullary nailing
for radial neck fracturesin children. Acta Orthop
Traumatol Turc., 54: 618-622.

Qiao, F. and F. Jiang, 2019. Closed reduction of
severely displaced radial neck fractures in
children. BMC Musculoskeletal Disord., Vol. 20
.10.1186/s12891-019-2947-8.

Rockwood, C.A., 2010. Rockwood and Wilkins’
fractures in children. 7th ed., Edn., Lippincott,
Williams and Wilkins.,, Philadelphia.,, ISBN-14:
978-1582557847,.

Rang, M. and M.E.W.D. Pring., 2006. Rang’s
children’s fractures. 3rd ed., Edn., Wolters
Kluwer/Lippincott, Williams & Wilkins.,,
Philadelphia.,

Wang, J., W. Chen, M. Guo, Y. Su and Y. Zhang,
2013. Percutaneous reduction and
intramedullary fixation technique for displaced
pediatric radial neck fractures. J. Pediatr.
Orthop.s B, 22: 127-132.

Cevik, N., G. Cansabuncu, Y. Akalin, A. Otuzbir,
A. Oztuirk and Y. Ozkan, 2018. Functional and
radiological results of percutaneous K-wire
aided Métaizeau technique in the treatment of
displaced radial neck fractures in children. Acta
Orthop.a Traumatologica Turcica, 52: 428-434.

| ISSN: 1993-6095 | Volume 19 | Number 1 |

| 2025 |



Res. J. Med. Sci., 19 (1): 379-384, 2025

18. Tarallo, L., R. Mugnai, F. Fiacchi, F. Capra and F. 27. Fowles, J.V. and M.T. Kassab, 1986.
Catani, 2013. Management of displaced radial Observations Concerning Radial Neck Fractures
neck fracturesin children: Percutaneous pinning in Children. J. Pediatr. Orthop.s, 6: 51-57.
vs. elastic stable intramedullary nailing. J. 28. Pesudo, J.V., J. Aracil and M. Barcelo., 1982.
Orthop.s Traumatology, 14: 291-297. Leverage method in displaced fractures of the

19. Steele, ). and H. Graham, 1992. Angulated radial radial neck in children. Clin Orthop Relat Re.,
neck fractures in children. A prospective study 169: 215-218.
of percutaneous reduction. British Editorial ~ 29. Sandmann, G.H., M. Crénlein, M. Neumaier, M.
Society of Bone & Joint Surgery, The J. Bone Beirer and A. Buchholz et al., 2016. Reduction
Joint Surg.. Br. volume, 74: 760-764. and stabilization of radial neck fractures by

20. Prathapkumar, K.R., N.K. Garg and C.E. Bruce, intramedullary pinning: A technique not only for
2006. Elastic stable intramedullary nail fixation children. Eur. J. Med. Res., Vol. 21
for severely displaced fractures of the neck of .10.1186/s40001-016-0210-4.
the radius in children. British Editorial Societyof ~ 30-  Girard, J., J. Rogez, R. Robert and J. Leborgne,
Bone & Joint Surgery, The J. Bone Joint Surg.. Br. 1995. Vascularisation of the head of the radius
volume, 88: 358-361. in the adult. Surg. Radiol. Anat., 17: 41-45.

21.  Steinberg, E.L, D. Golomb, R. Salama and S. 31. JUPITER, J.B. and D. RING, 1998. Operative
Wientroub, 1988. Radial Head and Neck Treatment of Post-Traumatic Proximal
Fractures in Children. J. Pediatr. Orthop.s, Radioulnar Synostosis*. The J. Bone Joint Surg.
8:35-40. (Am. Volume), 80: 248-257

22.  Waters, P.M. and S.L. Stewart,, 2001. Radial 32 Foruria, AM, S. Augustin, B.F. Morrey and J.
neck fracture nonunion in children. J Pediatr Sadnchez-Sotelo, 2013. Heterotopic Ossification
Orthop., 21: 570-576. After Surgery for Fractures and

23, Métaizeau, J.P. 2005. Reduction and Fracture-DisIocatigns Involving the Proximal
osteosynthesis of radial neck fractures in Aspect of the Radius or Ulna. The J. Bone Joint
children by centromedullary pinning. Injury, 36: Surg.-Am: . Volume, vol. 93
7577, .;0.2106/ijs.k.01533.

24. Tibone, J.E. and M. Stoltz., 1981. Fractures of 3. E;Ei;Al&ih'\fc;ljyc:ilsesfz:d ﬁég;:;ounr;iggagk?:x
the radial head and neck in children. J Bone Joint Stiffness. J. Orthop. Trauma, 20: 405-409.
surg Am., 63:100-106. ) ) 34. Ries, C., M. Miiller, K. Wegmann, D.B. Pfau, L.P.

25. Newman,' J'H'_’ 1977. 'Dlsplaced radial neck Miller and K.J. Burkhart, 2015. Is an extension
fractures in children. Injury, 9 114-121. of the safe zone possible without jeopardizing

26. Young,_S., M. Letts and.J.Jarws, 2_000. Avascular the proximal radioulnar joint when performing
Necrosis of the Radial Head in Children. ). a radial head plate osteosynthesis? J. Shoulder
Pediatr. Orthop.s, 20: 15-18. Elbow Surg., 24: 1627-1634.

| ISSN: 1993-6095 | Volume 19 | Number 1 | 384 | 2025 |



