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Abstract
Background: Lateral condylar humerus fractures (LCHFs) are the second most common fractures in
children. Open reduction and internal �xation is recommended for fractures displaced by more than 4
mm. Few studies described using closed reduction and percutaneous pinning (CRPP) for treating
fractures with greater displacements. This study aims to explore the feasibility of CRPP in treating
displaced LCHFs.

Methods: All patients underwent attempted CRPP �rst. Once a satisfying reduction was obtained, as
determined using �uoroscopy based on the relative anatomical position of the fragments, an
intraoperative arthrogram was performed to further con�rm the congruence of the articular surface of the
distal humerus. Open reduction and �xation are necessary to ensure a fracture gap less than 2.0 mm
both on anteroposterior view and oblique internal rotational view by �uoroscopy. All included fractures
were treated by a single pediatric surgeon.

Results: Forty-six patients were included, 29 boys and 17 girls, with an average age of 5.2 years. Of these,
22/28 (78%) Jakob type II fractures and 14/18 (78%) Jakob type III fractures were treated with CRPP. All
cases in Song stages II and III, 19/25 (76%) cases in Song stage IV, and 14/18 (78%) cases of Song stage
 were treated with CRPP. The remaining converted to open reduction with internal �xation. Overall, 36 of

the 46 patients (78%) were treated with CRPP. The average pre-op displacement was 7.2 mm, and the
average post-op displacement was 1.1 mm on the anteroposterior or oblique internal rotational
radiograph in cases treated with CRPP. CRPP was performed in an average of 37 minutes. The average
casting period was 4 weeks and the average time of pin removal was 6 weeks postoperatively. The
average time of follow-up was 4 months. All patients achieved union, regardless of closed or open
reduction. No infection, delayed union, cubitus varus or valgus, osteonecrosis of the trochlea or
capitellum, or pain were recorded during follow-up.

Conclusions: Closed reduction and percutaneous pinning effectively treats LCHFs with displacement
more than 4 mm. More than 3/4 of Song stage V or Jakob type III patients can avoid an incision. 

Background
Lateral condylar humerus fractures are the second most common fractures in children, accounting for
approximately 17% of pediatric elbow fractures, occurring at an average age of 6 years old [1]. The
fractures are usually unstable and tend to displace as a result of activities of the hands and wrists
because the lateral condyle is the origin of common extensor, which may lead to nonunion and cubitus
valgus deformity of the elbow joint if treated improperly [2]. These fractures are usually intra-articular [1].
Traditionally, open reduction with percutaneous pinning has been preferred by majority of surgeons to
insure anatomic reduction of these physeal, intra-articular fractures [3]. Furthermore, several reports have
recommended open reduction and internal �xation (ORIF) as the best intervention for unstable fractures
to prevent further displacement, nonunion, and malunion [4–8]. However, CRPP for treating pediatric
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lateral condylar humerus has been reported only in a few studies [9–18]. CRPP has shown several
advantages over ORIF, including less dissection of soft tissue around the fragment, low risk of vessel
damage, low risk of non-union and avascular necrosis (AVN) of distal humerus physeal, shorter operating
room times, and avoidance of an open incision with an unaesthetic scar [15–19]. In most studies, this
technique was used only in cases with displacement between 2–4 mm [9, 12, 15]. Song et al. introduced
a new classi�cation and an internal oblique view to better assess the displacement of the fragment [20],
and they managed to achieve closed reduction of the fracture, even in cases with displacement exceeding
4 mm or those with rotational displacement [13, 14]. They also pointed out that this technique has a
di�cult learning curve [1, 13, 14]. This study aims to explore the feasibility of this technique in a
retrospective way.

Methods

Patients
After obtaining informed consent from the guardians and approval of our institutional review board, we
retrospectively reviewed 46 consecutive displaced lateral condylar humerus fractures from June 2019 to
April 2020 at our institution. All patients were treated by a single senior attending pediatric orthopedic
surgeon in our pediatric orthopedic department. The inclusion criteria were as follows: age below 14
years; closed fractures; fresh lateral condylar humerus fractures; displacement of fragments exceeding
2 mm; or unstable fractures with less than 2 mm displacement. The exclusion criteria were as follows:
age above 14 years; open fractures; old fractures; and stable fractures or fractures with displacement less
than 2 mm.

Surgical technique
The patients lay on the operating table in a supine position with the affected arm abducted. After
induction of general anesthesia, a tourniquet was applied in case of opening reduction followed by skin
preparation and draping. To reduce the fracture in closed fashion, a gentle traction with the forearm in
supination and a varus force was applied to the affected elbow joint to create a space for the reduction of
the fragment. Then, a gradual compression on the distal fragments both medially and anteriorly by the
operator’s thumb was applied, followed by a valgus force and extension of the elbow to reduce the lateral
and posterior gaps of fragments and maintain the reduction. This manipulation can help achieve a
fracture reduction in most cases with distal fragment without complete rotation (Song stage V and Jakob
type III). However, in cases with rotated distal fragments, an anterior backward and inward compression
of the distal fragment with the elbow joint �exion over 90° corrects the anterolateral and rotational
displacement; otherwise, a Kirschner wire with a diameter of 2.0 mm was inserted percutaneously as a
joystick into the space between the fragments. Then, a direct backward and inward force was applied to
the fracture surface of the distal fragment with the elbow in �exion and medial compression by the
operator’s thumb. Usually, the rotation can be corrected by such a maneuver; if not, another attempt may
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be needed. Then, reduction of the fracture was performed using a method similar to that followed for
fracture �xation without fragment rotation. Once a satisfying reduction was achieved with the relative
anatomical position of the fragments con�rmed using �uoroscopy, percutaneous pin �xation with three
lateral divergent 1.5-mm Kirschner wires was performed to stabilize the fragments. Then, an
intraoperative arthrogram was used to con�rm the congruence of the articular surface of the distal
humerus. However, open reduction and �xation is necessary to ensure that the fracture gap is less than
2.0 mm, both on the anteroposterior view and oblique internal rotational view in �uoroscopy.
Postoperatively, the arm was immobilized at 70° of elbow �exion with a posterior long-arm cast, which
was planned to be removed 4 weeks postoperatively. The pins were removed 1 week later depending on
the extent of union of fractures. All patients were followed up and complications were recorded. Function
of the elbow joint was graded according to the criteria of Hardacre [21]. (Fig. 1)

Results
In total, 46 patients were included in the study at our center during the study period. Of these, the fracture
type was Jakob type II in 28, Jakob type III in 18, Song classi�cation stage II in 1, stage III in 2, stage IV in
25, and stage V in 18. There were 29 boys and 17 girls, with an average age of 5.2 years (range: 1.8–
9.7 years). All fractures were treated by a single senior attending pediatric orthopedic surgeon. All cases
underwent attempted closed reduction and percutaneous pinning �rst. If a fracture gap less than 2 mm
could not be gained, an open reduction and internal �xation would be performed. Among the 46 patients,
22/28 cases (78%) with Jakob type II and 14/18 cases (78%) with Jakob type III fractures were treated
with CRPP. All fracture cases of Song stages II and III, 19/25 (76%) cases of Song stage IV, and 14/18
(78%) cases of Song stage V were treated with CRPP. The remaining were transferred to ORIF. In all, 36 of
46 (78%) were treated with CRPP. The average pre-op displacement was 7.2 mm (range: 1.5–20 mm) on
the anteroposterior or oblique internal rotational radiograph. The average post-op displacement was
1.1 mm (range: 0.5–1.8 mm) on the anteroposterior or oblique internal rotational radiograph in cases
treated with CRPP. The average preoperative displacement was 11.8 mm (range: 7–20 mm) in Song
stage V and 5.0 mm (range: 2.1–9 mm) in Song stage IV LCHFs, and the average postoperative
displacement was 1.2 mm (range: 0.3–2 mm) in Song stage V and 1.1 mm (range: 0.5–2 mm) in Song
stage IV LCHFs. The average operation time was 47 minutes, with an average of 37 minutes and 77
minutes for CRPP and transferred ORIF. The average length of hospital stay was 5 days (range: 3–
7 days). The average casting period was 4 weeks (range: 3–6 weeks), and the average time of pin
removal was 6 weeks (range: 4–8 weeks) postoperatively. The average time of follow up was 4 months
(range: 3–6 months). All cases achieved union, regardless of whether they were treated with closed or
open reduction. No infection, nonunion, cubitus varus or valgus, osteonecrosis of the trochlea or
capitellum, or pain were recorded during follow-up. Lateral condylar bone spur formation was found in
89% (41/46) of all cases without any symptom. According to the criteria of Hardacre et al., the clinical
result was excellent in 33/36 (92%) patients, good in 3/36 (8%) patients, and poor in no patients
undergoing CRPP.
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Discussion
Lateral condylar humerus fractures are the second most common fractures in children, accounting for
approximately 17% of pediatric elbow fractures [1]. Treatment of the fractures depends on the extent of
displacement of the distal fragment and stability of the fracture. Usually, for nondisplaced and minimally
(less than 2 mm) displaced stable fractures, posterior plaster splint or long-arm cast followed by close
observation usually produces good results; while for those displaced unstable fractures, open reduction
and internal �xation is usually recommended to obtain a congruent articular surface and su�cient
fracture reduction. This treatment strategy has been widely accepted by majority of pediatric surgeons
[1–8].

Few studies reported on CRPP for treatment of pediatric lateral condylar humerus fractures. Foster et al
reported that percutaneous pin �xation of nondisplaced and minimally displaced ( 2 mm) fractures is an
acceptable alternative in any situation in which close scrutiny cannot be ensured [9]. Mintzer et al treated
12 children with lateral condyle fractures with moderate displacement (2–4 mm) using CRPP. The
intraoperative arthrograms showed no incongruity of the articular surface and the results were good
without complications. They advocated CRPP for unstable, moderately displaced lateral condylar
fractures (Jakob type II) [10]. Weiss et al reported 65 patients with lateral condyle fractures displaced > 
2 mm but with an intact articular surface as assessed by an arthrogram, treated using CRPP. They
claimed that fractures with displacement more than 4 mm were more likely to have incongruent articular
surface, which should be treated with open reduction [11]. However, all these cases treated with CRPP
were fractures with minimal or moderate displacement ( 4 mm) [9–11]. It appears that it is impossible to
treat such fractures as Jakob type III using CRPP.

Song et al. showed that signi�cant displaced unstable lateral condylar humerus fractures, even those
with totally rotation, could be managed without open reduction [12–14]; at this point, CRPP truly become
a viable option. First, Song et al. introduced a new classi�cation of LCHF. Stage I indicated a fracture
through the lateral humeral condyle with a minimal lateral gap and ≤ 2 mm of displacement. Stage II
indicated a fracture through the lateral humeral condyle to the epiphyseal articular cartilage with a lateral
gap and ≤ 2 mm of displacement. Stage III indicated a fracture through the lateral humeral condyle into
the joint, a fracture gap that was as wide laterally as it was medially, ≤ 2 mm of displacement, and a high
risk of further displacement. Stage IV indicated a fracture with > 2 mm of displacement without rotation
of the distal fragment. Stage V indicated a fracture with > 2 mm of displacement with rotation of the
distal fragment. Minimal displacements (≤ 2 mm) with fracture lines extending into the joint and a
fracture gap as wide laterally as medially on any radiographic views were categorized as unstable
fractures. They attempted CRPP in all cases; 13 (76%) of 17 stage III fractures, 30 (75%) of the 40 stage
IV fractures, 3 (50%) of the 6 stage IV fractures were successfully treated by CRPP with residual
displacement less than 2 mm. The follow-up showed excellent or good results in all cases with minor
complications like bone spurs at the lateral side of the distal humerus without symptoms. Their later
papers, including more fractures with completely and rotational displacement, showed higher success
rates. Eighteen of 24 (75%) completely displaced and rotated fractures were reduced within 2 mm of
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residual displacement using closed reduction and internal �xation (CRIF). Therefore, they claimed that
CRIF is an effective treatment for completely displaced and rotated LCHFs in many children [12–14].

Our study showed similar results in treating LCHFs with displacement more than 4 mm by CRPP.
Approximately 78% (36/46) of our series were managed with CRPP, with success rate of 76% (19/25) for
Song stage IV and 78% (14/18) for Song stage V fractures, and 78% (22/28) in Jakob type II and 78%
(14/18) in Jakob type III fractures. The �nal follow-up showed no functional disfunction or complications
except lateral bone spur formation without symptoms in most cases.

Now this CRPP technique has been introduced in the latest edition of a classic book, Rockwood and
Wilkins Fractures in Children [1]. A few later studies reported their results using this technique [15–18].
Silva et al. claimed that CRPP is an alternative treatment of pediatric LCFs with displacement between 2
and 4 mm. The advantages of this technique include avoiding an unaesthetic scar, decreased surgical
times, and not signi�cantly increasing the incidence of complications [15]. The study by Pennock et al.
reported that only one patient with displacement between 4 and 5 mm in their series was treated with
CRPP; the authors concluded that CRPP may be suitable for lateral condyle fractures with displacement
between 2–4 mm, because of high incidence of joint congruity in these cases, thereby avoiding an
incision and decreasing surgical time [16].

However, almost all cases, in these studies were LCHFs with displacement less than 4 mm. The reason
may be the di�cult learning curve, as pointed out by Song et al. [12]. In the present study, the average
preoperative displacement was 11.8 mm in Song stage V and 5.0 mm in Song stage IV LCHFs, with an
average postoperative displacement was 1.2 mm in Song stage V and 1.1 mm in Song stage IV LCHFs.
All cases were treated by a single surgeon (Li-Wei Xie) in our department, who had little experience in
treating LCHFs with CRPP, but abundant experience with ORIF and in treating supracondylar fractures
with CRPP. The authors’ experiences in this study showed that CRPP in treating LCHFs is technically
feasible, and that more than 3/4 of cases can avoid an incision. The surgeon should prepare himself to
make sure he is familiar with the technique of manual reduction before starting his �rst case.

The following are several useful tips to achieve a satis�ed reduction of the fractures. First, never do an
arthrogram before reduction, as this will interfere with your judgement regarding the relative position of
the fragments. Because the origin of the extensor of the forearm is always disrupted, contrast medium
will �ow into the lateral soft tissue and this will blur the pictures of lateral side of the distal fragment.
Second, a lateral puncture point for arthrogram is optimal. The position is just at the lateral side of the
humeroradial joint. In this way, contrast medium will directly �ow into the articular surface and the
fracture gap with little disturbance of judgement of the reduction. Third, the distal fragment will displace
anteriorly or posteriorly on the lateral �uoroscopy after reduction, which could be reduced by extension or
�exion of the elbow joint. Fourth, the pinning site is a little more distal and anterior than the regular
position in pinning a �exed elbow, because this manipulation usually needs to maintain the reduction in
an extensional elbow with a valgus force. Fifth, for Jakob type III and Song stage V, the di�culty lies in
the correction of rotation of the distal fragment. In most cases, an anterior backward and inward
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compression of the distal fragment with the elbow joint �exion could correct the rotational displacement
in most cases. Occasionally, a 2.0-mm Kirschner wire could be used as a joystick to help reduce the
rotation. Sixth, a thinner 1.0-mm Kirschner wire could be used �rst to avoid too much pinning holes in the
small nuclear ossi�cation of distal physeal, which could be changed to 1.5-mm Kirschner wires for �nal
�xation. Last but not least, if the reduction of a LCHF cannot be obtained by several attempts, convert to
ORIF directly.

The present study has several limitations. The number of cases was small and the time of follow-up was
short. Because the study was not controlled, we could not tell the difference between cases treated with
CRPP and the cases treated with ORIF directly. Moreover, the cases in this study were performed by one
surgeon, and we are not sure about the repeatability among surgeons.

Conclusions
CRPP has shown several advantages over ORIF, including less dissection of soft tissue around the
fragment, low risk of vessel damage, low risk of non-union and AVN of distal humerus physes, shorter
operating room times, and avoidance of an open incision with unaesthetic scar [15, 19], avoidance of
another operation or anesthesia because of hardware removal. The present study demonstrated that
closed reduction and percutaneous pinning is a novel and feasible technique for treating LCHFs with
displacement more than 4 mm, and more than 3/4 of Song stage V or Jakob type III patients can avoid
an incision. Post-�xation intro-operative arthrography is a useful method for accessing the congruence of
articular surface and the displacement of the fragment.

Abbreviations
LCHFs: lateral condylar humerus fractures;

CRPP: closed reduction and percutaneous pinning;

ORIF: open reduction and internal �xation;

AVN : avascular necrosis;

Declarations
Ethics approval and consent to participate

This prospective study was approved by the Ethics Committee of Sichuan Provincial Orthopedics
Hospital. Written informed consents from guardians were gained for all participants.

Consent for publication

We had received verbal consent from guardians for publication of clinical details or information.



Page 9/12

Availability of data and materials

The data and materials in the current study are available from the corresponding author on reasonable
request.

Competing interests

The authors declare that they have no con�ict of interest.

Funding

This study was supported by a research fund of Sichuan Provincial Orthopedics Hospital (Fund No:
2019MS08).

Authors' contributions

LWX: Designed and conducted the study, interpreted the data, wrote and edited the manuscript.

JW: Collected data, wrote the manuscript.

ZQD: Collected and interpreted the data.

RHZ: Collected and interpreted the data.

WC: Collected and interpreted the data.

CK: Collected and interpreted the data.

JJY: Collected and interpreted the data.

XL: Designed the study.

YZ: Designed the study.

HS: Designed the study.

Final approval of the version to be submitted: LWX, JW, ZQD, RHZ, WC, CK, JJY, XL, YZ, HS.

Acknowledgements

Not applicable

References
1. Flynn JM, Skaggs DL, Waters PM. Rockwood and Wilkins’ Fractures in Children. Philadelphia:

Lippincott Williams & Wilkins; 2014.



Page 10/12

2. Flynn JC. Nonunion of slightly displaced fractures of the lateral humeral condyle in children: an
update. J Pediatr Orthop. 1989;9(6):691-696.

3. Sullivan JA. Fractures of the lateral condyle of the humerus. J Am Acad Orthop Surg. 2006;14(1):58-
62. 

4. Beaty JH, Kasser JR, editors. Rockwood and Wilkins’ fractures in children. 6th ed. Philadelphia:
Lippincott Williams and Wilkins; 2005.

5. Jakob R, Fowles JV, Rang M, Kassab MT. Observations concerning fractures of the lateral humeral
condyle in children. J Bone Joint Surg Br. 1975;57(4):430-436.

�. Flynn JC, Richards JF Jr. Non-union of minimally displaced fractures of the lateral condyle of the
humerus in children. J Bone Joint Surg Am. 1971;53(6):1096-1101.

7. Badelon O, Bensahel H, Mazda K, Vie P. Lateral humeral condylar fractures in children: a report of 47
cases. J Pediatr Orthop. 1988;8(1):31-34.

�. Launay F, Leet AI, Jacopin S, Jouve JL, Bollini G, Sponseller PD. Lateral humeral condyle fractures in
children: a comparison of two approaches to treatment. J Pediatr Orthop. 2004;24(4):385-391.

9. Foster DE, Sullivan JA, Gross RH. Lateral humeral condylar fractures in children. J Pediatr Orthop.
1985;5(1):16-22.

10. Mintzer CM, Waters PM, Brown DJ, Kasser JR. Percutaneous pinning in the treatment of displaced
lateral condyle fractures. J Pediatr Orthop. 1994;14(4):462-465.

11. Weiss JM, Graves S, Yang S, Mendelsohn E, Kay RM, Skaggs DL. A new classi�cation system
predictive of complications in surgically treated pediatric humeral lateral condyle fractures. J Pediatr
Orthop. 2009;29(6):602-605.

12. Song KS, Kang CH, Min BW, Bae KC, Cho CH, Lee JH. Closed reduction and internal �xation of
displaced unstable lateral condylar fractures of the humerus in children. J Bone Joint Surg Am.
2008;90(12):2673-2681.

13. Song KS, Shin YW, Oh CW, Bae KC, Cho CH. Closed reduction and internal �xation of completely
displaced and rotated lateral condyle fractures of the humerus in children. J Orthop Trauma.
2010;24(7):434-438.

14. Song KS, Waters PM. Lateral condylar humerus fractures: which ones should we �x?. J Pediatr
Orthop. 2012;32 Suppl 1:S5-S9.

15. Silva M, Cooper SD. Closed Reduction and Percutaneous Pinning of Displaced Pediatric Lateral
Condyle Fractures of the Humerus: A Cohort Study. J Pediatr Orthop. 2015;35(7):661-665. 

1�. Pennock AT, Salgueiro L, Upasani VV, Bastrom TP, Newton PO, Yaszay B. Closed Reduction and
Percutaneous Pinning Versus Open Reduction and Internal Fixation for Type II Lateral Condyle
Humerus Fractures in Children Displaced >2 mm. J Pediatr Orthop. 2016;36(8):780-786.

17. Justus C, Haruno LS, Riordan MK, et al. Closed and Open Reduction of Displaced Pediatric Lateral
Condyle Humeral Fractures, a Study of Short-Term Complications and Postoperative Protocols. Iowa
Orthop J. 2017;37:163-169.



Page 11/12

1�. Kang MS, Alfadhil RA, Park SS. Outcomes of Arthroscopy-assisted Closed Reduction and
Percutaneous Pinning for a Displaced Pediatric Lateral Condylar Humeral Fracture. J Pediatr Orthop.
2019;39(7):e548-e551.

19. Shaerf DA, Vanhegan IS, Dattani R. Diagnosis, management and complications of distal humerus
lateral condyle fractures in children. Shoulder Elbow. 2018;10(2):114-120.

20. Song KS, Kang CH, Min BW, Bae KC, Cho CH. Internal oblique radiographs for diagnosis of
nondisplaced or minimally displaced lateral condylar fractures of the humerus in children. J Bone
Joint Surg Am. 2007;89(1):58-63.

21. Hardacre JA, Nahigian SH, Froimson AI, Brown JE. Fractures of the lateral condyle of the humerus in
children. J Bone Joint Surg Am. 1971;53(6):1083-1095.

Figures



Page 12/12

Figure 1

A Jakob type III and Song stage V fracture treated with CRPP. A-B: pre-operative �lms of the fracture. C-E:
closed reduction of the fracture with a 2.0-mm Kirschner wire as a joystick and manipulation. G-H:
percutaneous pinning of the fracture after reduction. I-K: intraoperative arthrogram through a lateral
puncture point showed congruence of the articular surface. L-M: post-operative anteroposterior view,
lateral view and oblique internal rotational �lms of the fracture showed nearly anatomic reduction of the
fracture.


