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Treatment of Pediatric Intercondylar Humerus Fracture With External Fixation and Percutaneous Pinning After Closed Reduction
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Background: It is uncommon for young children to suffer an intercondylar fracture of the distal humerus. Although many approaches have been described to manage, there is no specific and accepted treatment protocol for such fracture patterns. This study aimed to identify the incidence of intercondylar fracture of the distal humerus in the pediatric population and report the clinical outcome of external fixation and percutaneous pinning in such injury patterns.

Methods: Pediatric patients under the age of 14 years who had an intercondylar fracture of the distal humerus treated with external fixation and percutaneous pinning between January 2013 and December 2018 at the author’s Wuhan Union Hospital were retrospectively evaluated. The detailed baseline information of the patients, operating time, time to union time, and carrying angle difference (CAD) of the injured extremity were collected. During the follow-up visit, clinical results were evaluated using the Mayo Elbow Performance Score (MEPS) and the Flynn criteria.

Results: A total of eight patients (2 women and 6 men) with an average age of 8 years (5–12 years) who had an intercondylar fracture of the distal humerus (1 C2 and 7 C1) were included. All the patients achieved union, and the average MEPS score was 95 points 24 months after the surgery.

Conclusion: The intercondylar fracture of the distal humerus in children is rare, and closed reduction and external fixation is a viable treatment option, especially for the C1 type of fracture pattern.
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INTRODUCTION

The intercondylar fracture of the distal humerus in children is considered to be a rare entity (1–10). Maylahn and Fahey reported an overall incidence of 6 (2%) among 300 elbow injuries in children (10). In this injury pattern, the medial and lateral condyles are often separated into independent fragments in a “T” or “Y” shape and lose contact with the humeral shaft causing rotational displacement.

In the past years, open reduction with internal fixation (ORIF) has been considered an effective treatment method for such fractures (8). Commonly reported surgical approaches are olecranon osteotomy, triceps-sliding, and triceps-splitting approaches. The most common short-term and long-term complications following ORIF are transient neuropathy (16.3%) and elbow stiffness (9.6%), respectively (9). With the recent trend toward the utilization of a minimally invasive approach in most surgical procedures, closed reduction with external fixation has been reported to provide satisfactory clinical results in pediatric fractures also (10, 11). So, most pediatric orthopedic surgeons have the discretion of using the closed method as much as possible.

This study aimed to identify the incidence of intercondylar fracture of the distal humerus in the pediatric population and report the clinical outcome of external fixation and percutaneous pinning after closed reduction in such injury patterns.



PATIENTS AND METHODS

Pediatric patients under the age of 14 years who had an intercondylar fracture of the distal humerus treated with external fixation and percutaneous pinning between January 2013 and December 2018 at the author’s Wuhan Union Hospital were retrospectively evaluated. All the surgeries were performed by a consultant pediatric orthopedic surgeon or under his direct supervision.

The baseline information, including age, gender, and AO classification of fracture, was recorded preoperatively (Table 1). All fractures were diagnosed as per definition by the AO classification system relying on a radiograph or a CT scan (Figure 1). The postoperative data were collected during the follow-up visit. The clinical results were evaluated using the criteria of Mayo Elbow Performance Score (MEPS) (12) and Flynn degree (13). The authors assessing these patients’ clinical outcomes did not participate in the treatment. The Ethics Committee of the authors’ institute approved the study. Written informed consent was obtained from the legal guardians.


TABLE 1. Preoperative demographics of the patients.
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FIGURE 1. (A) Anteroposterior and (B) lateral radiographs of a 6-year-old boy with an intercondylar fracture of the distal humerus; (C) CT scan showing C1 type of AO classification; (D) anteroposterior and (E) lateral radiographs post-operation; (F) anteroposterior and (G) lateral radiographs at 12 months post-operation; and the follow-up in 24 months after surgery show excellent cosmetic results (H) and the functional appearance (I,J).



Surgical Technique

All the procedures were performed under general anesthesia. Initially, the first Schanz pin (2.7 or 3.0 mm) was inserted into the lateral condyle fragment distal to the physis under fluoroscopic guidance. The pin was placed parallel to the elbow joint and perpendicular to the longitudinal axis of the bone in order to avoid injuring the physis. The second Schanz pin was then inserted 2 cm proximal to the fracture line laterally and parallel to the first pin. This pin was tightly secured with the bicortical purchase, but great care was taken to avoid radial nerve injury. The lateral fragment was reduced with the proximal fragment by closed manipulation. After an acceptable reduction was achieved, the fracture fragments were held tightly together with clamps and rods. An anti-rotation K-wire (1.5–2 mm) was inserted in a retrograde fashion from the distal end of the lateral condyle and passed through the fracture line.

Another K-wire (1.5–2 mm) was inserted onto the distal medial condyle of the humerus, which acts as the joystick for the manipulation. After an acceptable alignment and reduction were achieved, the third K-wire was inserted from the medial condyle to the proximal fragment in a crisscross fashion. Then, the joystick pin was inserted further across the fracture line. The stability of the fixation and elbow movements were assessed in the anteroposterior (AP) and lateral views via fluoroscopy with gentle stress in maximum extension and flexion. The operated arm was immobilized with a posterior slab in a supine position with the elbow at 90° flexion (Operative stages are shown in Figure 2).


[image: image]

FIGURE 2. The C-arm x-ray during operation showed: (A) the distal lateral condyle fragment located with a syringe needle; (B) placement of radial unilateral external fixation; (C) reset the lateral side of the distal humerus by closed reduction and tightened external fixation; (D) placement of the radial side anti-rotation K-wire to stable the lateral fragment; (E) placement of the ulnar K-wire to stable the medial fragment; (F) lateral view of the elbow after fixation.




Postoperative Care and Follow-Up

After the surgery, patients were discharged from the hospital once their condition allowed. The caregivers were taught to perform daily pin care. The plaster was removed after 3 weeks post-operation, and then, the child was allowed to start free elbow mobilization, but weight-bearing was avoided. AP and lateral radiographs of the operated elbow were taken at 3, 6, and 9–12 weeks and 6, 12, and 24 months. All the K-wire and external fixators were removed at 6 weeks in the outpatient visit. The weight bearing was allowed only after 12 weeks. The radiological union was considered once 3 out of 4 cortices were united (14), whereas radiological delayed union was considered if the visible gap were evident in 2 or more cortices at 12 weeks (14). The final clinical and radiological evaluations, including MEPS, Flynn criteria, CAD difference, and other complications, were performed at the last follow-up.




RESULTS

A total of 8 patients (2 women and 6 men) with an average age of 8 years (range, 5–12 years) were included in the study. According to the AO classification, 1 patient had a C2 type fracture and the rest of the other patients had C1 type fractures. Demographic details of the patients are shown in Table 1. The average duration of the surgery was 53.5 min (range, 46–60 min). All the fractures were clinically and radiologically united before 12 weeks (Table 2). At the last follow-up, all the patients showed satisfactory functional results on the MEPS score with an average of 95 points. All the patients’ carrying angle difference of the affected elbow was within 4 degrees, and they all showed good to excellent elbow function as per the Flynn scale (Table 2). Only two patients with superficial pin-site infection were identified during the follow-up visit, which resolved after 2–3 days of oral antibiotics. There were no non-union, neurovascular injury, myositis ossificans, or other surgery-related complications requiring further revision.


TABLE 2. Perioperative and follow-up data.
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DISCUSSION

The most important finding of this study was that satisfactory fracture stability with acceptable postoperative outcomes could be achieved by external fixation and percutaneous pinning following a closed reduction in pediatric intercondylar humerus fracture.

There is no available consensus on the treatment of intercondylar fracture of the distal humerus in the pediatric population (1–11). Some surgeons insist that the open reduction and internal fixation is the ideal treatment for a pediatric T-condylar fracture of the humerus, which allows early elbow mobilization preventing stiffness (8, 10, 15). However, it cannot be denied that open reduction will bring more damage to the soft tissues and increase the risk of elbow stiffness (16–19). On the other hand, some authors advocate that the pediatric intercondylar fractures of the distal humerus can be treated with closed reductions and percutaneous pinning to obtain a satisfactory clinical outcome (16). Opinions vary as per the surgeon’s experience, but most surgeons accept that the goal of the treatment is to reconstruct the normal relationship of the joints and obtain good alignment.

To our knowledge, this is the first case series of pediatric humerus intercondylar fractures treated with external fixation and percutaneous pinning. Previously only the case report has been documented (20). The satisfactory result in our study may be attributed to most of the fractures (87.5%) in our series being the AO C 1 type. This type of fracture is a “T” shaped fracture with good bone quality where closed reduction can be performed successfully. As Ducic summarized, T-condylar fractures of the humerus are rare in children (21). A CT scan plays a significant role in the surgical plan in such a fracture pattern.

ORIF is an established surgical treatment method in adult and skeletally immature patients with intercondylar fractures of the humerus (21–24). However, surgical treatment for such fracture patterns in pediatric patients is controversial and has not been described in the literature. We adopted external fixation and percutaneous pinning, which led to a shorter duration of surgery and fracture union. Regardless of whether the patient population was subjected to olecranon osteotomy or triceps sparing surgery, the average duration of surgery was more than 77 min (21, 22). It is also worth emphasizing that there was only a negligible amount of bleeding in this series due to its minimally invasive nature. In the previous literature, the average time of fracture union following an ORIF was more than 11.5 weeks in previously published studies (21, 22), which is longer than the 10.6 weeks in this study. Similarly, 7 out of 8 patients had an MEPS score of the operated elbow of 95 points and above, and only 1 patient had an MEPS score of 90 points at the final follow-up, which is higher than the average MEPS score in other studies (21–23, 25). Compared to open reduction, closed reduction causes minimal damage to the skin and soft tissue, so the risk of postoperative joint stiffness is minimal (19). Percutaneous pinning after closed reduction is less invasive and does not increase the risk of complications. This technique may be an excellent alternative to open reduction for intercondylar fracture of the humerus (26). Due to the fact that there is minimal soft tissue and periosteal striping during surgery, the chance of bone healing is faster. The external fixator technology was initially proposed by Slongo (27), which has a fixation strength better than the simple K-wires providing sufficient stability to ensure early postoperative functional rehabilitation. Beck et al. (28) reported that early elbow Range of motion (ROM) following T-condylar fracture management produces a better final ROM with high patient satisfaction. Our technique provides better fracture stability allowing early ROM, resulting in better patient satisfaction. Another advantage of this technique is that the removal of the external fixation system can be completed in the outpatient setting and no secondary operation for implant removal is required (29).

The key points to remember for closed reduction and external fixation in patients with pediatric intercondylar fracture of the distal humerus are as follows: 1. Choosing an appropriate size Schanz pin: The surgeon should measure the size of the lateral condyle fragment in orthogonal x-ray views and then an appropriate sized (2.7 or 3.0 mm) Schanz pin should be inserted from the lateral condyle fragment parallel to the joint line and perpendicular to the longitudinal axis of the humerus under fluoroscopy guidance. 2. Avoiding nerve injury: there is always a chance of injuring the ulnar nerve during this procedure. The elbow should be placed in extension while inserting the K-wire in the medial condyle in order to avoid iatrogenic injury to the ulnar nerve.

Although the fracture pattern is rare in the pediatric population, this study still adopts the limitations of retrospective case series, such as a small sample size with no control group.



CONCLUSION

The intercondylar fracture of the distal humerus in children is rare, and closed reduction and external fixation is a viable treatment option, especially for the C1 type of fracture pattern.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Tongji Medical College, Huazhong University of Science and Technology (IORG No: IORG0003571). Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

RZ, ZY, XL, and GJ involved in data collection and follow-up assessments. XT, SR, and HZ were responsible for the literature search and study design and finalized the manuscript. WS and RZ drafted the manuscript. All authors contributed to the article and approved the submitted version.



REFERENCES

1. Slongo T. [Osteotomies in children and adolescents]. Oper Orthop Traumatol. (2015) 27:193. doi: 10.1007/s00064-015-0407-7

2. Ebrahimzadeh MH, Birjandinejad A, Sahebjami A, Taraz Jamshidi MH. Concomitant ulecranon fracture, ipsilateral segmental humerus fracture and intercondylar humerus fracture in a 4-year-old girl: an extremely rare case report and literature review. Arch Trauma Res. (2013) 2:50–3. doi: 10.5812/atr.8633

3. Papavasiliou VA, Beslikas TA. T-condylar fractures of the distal humeral condyles during childhood: an analysis of six cases. J Pediatr Orthop. (1986) 6:302–5. doi: 10.1097/01241398-198605000-00008

4. Beghin JL, Bucholz RW, Wenger DR. Intercondylar fractures of the humerus in young children. J Bone Joint Surg Am. (1982) 64:1083–6. doi: 10.2106/00004623-198264070-00021

5. Kasser JR, Richards K, Millis M. The triceps-dividing approach to open reduction of complex distal humeral fractures in adolescents. J Pediatr Orthop. (1990) 10:93–6. doi: 10.1097/01241398-199001000-00018

6. Sanders RA, Raney EM, Pipkin S. Operative treatment of bicondylar intraarticular fractures of the distal humerus. Orthopadia. (1992) 15:159–63. doi: 10.3928/0147-7447-19920201-08

7. Re PR, Waters PM, Hresko T. T-condylar fractures of the distal humerus in children and adolescents. J Pediatr Orthop. (1999) 19:313–8. doi: 10.1097/01241398-199905000-00007

8. Beaty JH, Kasser JR. Physeal fractures, apophyseal injuries of the distal humerus, avascular necrosis of the trochlea, and T-condylar fractures. In: JH Beaty, JR Kasser editors. Rockwood and Wilkins’ Fractures in Children. Philadelphia, PA: Lippincott Willams& Wilkins (2001). p. 623–703.

9. Hohloch L, Konstantinidis L, Wagner FC, Strohm PC, Südkamp NP, Reising K. Biomechanical comparison of different external fixator configurations for stabilization of supracondylar humerus fractures in children. Clin Biomech (Bristol Avon). (2016) 32:118–23. doi: 10.1016/j.clinbiomech.2015.12.003

10. Ducic S, Stojanovic B, Lazovic M, Bukva B, Radlovic V, Bumbasirevic V, et al. T-condylar humerus fracture in children: treatment options and outcomes. Int Orthop. (2021) 45:1065–70. doi: 10.1007/s00264-020-04827-z

11. Maylahn DJ, Fahey JJ. Fractures of the elbow in children. JAMA. (1958) 166:220–8. doi: 10.1001/jama.1958.02990030018005

12. Fowler TP, Marsh JL. Reduction and pinning of pediatric supracondylar humerus fractures in the prone position. J Orthop Trauma. (2006) 20:277–81. doi: 10.1097/00005131-200604000-00008

13. Morrey BF, An KN, Chao EYS. Functional evaluation of the elbow. 2nd ed. In: BF Morrey editor. The Elbow and Its Disorders. Philadelphia, PA: Saunders (1993). p. 86–9.

14. Tomori Y, Sudo Y, Iizawa N, Nanno M, Takai S. Intercondylar fracture of the distal humerus in a 7-year-old child: a case report and a review of the literature. Medicine (Baltimore). (2017) 96:e6085. doi: 10.1097/MD.0000000000006085

15. Sangwan SS, Marya KM, Siwach RC, Singh Z, Devgan A. Cubitus varus—correction by distraction osteogenesis. Indian J Med Sci. (2002) 56:165–71.

16. Kanellopoulos AD, Yiannakopoulos CK. Closed reduction and percutaneous stabilization of pediatric T-condylar fractures of the humerus. J Pediatr Orthop. (2004) 24:13–6. doi: 10.1097/01241398-200401000-00003

17. Mehne DK, Mata J. Bicolumn fractures of the adult humerus. Proceedings of the Presented at the 53rd Annual Meeting of the American Academy of Orthopaedic Surgeons. New Orleans, LA: (1996).

18. Toniolo MR, Wilkins KE. T-condylar fractures. In: CA Rockwood, KE Wilkins, JH Beaty editors. Fractures in Children. Philadelphia, PA: Lippincott-Raven (1996). p. 830–2.

19. Dreyfuss D, Eidelman M. Treatment of complex intercondylar humeral fractures in adolescents by open reduction and internal fixation through the transolecranon approach. J Pediatr Orthop B. (2014) 23:364–8. doi: 10.1097/BPB.0000000000000048

20. Stroh DA, Sullivan BT, Shannon BA, Sponseller PD. Treatment of a pediatric T-type intercondylar humerus fracture with hybrid percutaneous pinning and external fixation. Orthopedics. (2017) 40:e1096–8. doi: 10.3928/01477447-20170602-05

21. Ducic S, Bumbasirevic M, Brdar R, Stojanovic B, Djordjevic M. Paediatric T-condylar fractures of the humerus: clinical experience and outcomes in 19 cases. Injury. (2014) 45:1876–9. doi: 10.1016/j.injury.2014.07.002

22. Zhang C, Zhong B, Luo CF. Comparing approaches to expose type C fractures of the distal humerus for ORIF in elderly patients: six years clinical experience with both the triceps-sparing approach and olecranon osteotomy. Arch Orthop Trauma Surg. (2014) 134:803–11. doi: 10.1007/s00402-014-1983-y

23. Chen G, Liao Q, Luo W, Li K, Zhao Y, Zhong D. Triceps-sparing versus olecranon osteotomy for ORIF: analysis of 67 cases of intercondylar fractures of the distal humerus. Injury. (2011) 42:366–70. doi: 10.1016/j.injury.2010.09.004

24. Marengo L, Andreacchio A, Alberghina F, Dimeglio A, Canavese F. Functional outcome of displaced intercondylar fractures of the humerus in children and adolescents. J Pediatr Orthop B. (2018) 27:121–7. doi: 10.1097/BPB.0000000000000476

25. Alberghina F, Andreacchio A, Pavone V, Mansour M, Dimeglio A, Canavese F. Review of pediatric functional outcomes measures used to evaluate surgical management in pediatric patients with an upper extremity fracture. J Pediatr Orthop B. (2022) 31:260–9. doi: 10.1097/BPB.0000000000000909

26. Kaçmaz l̇E, Basa CD, Zhamilov V, Reisoğlu A, Akan l̇, Ağuş H. Is open reduction necessary for pediatric T-condylar fractures of the humerus? J Pediatr Orthop B. (2019) 28:515–9. doi: 10.1097/BPB.0000000000000620

27. Slongo T, Schmid T, Wilkins K, Joeris A. Lateral external fixation–a new surgical technique for displaced unreducible supracondylar humeral fractures in children. J Bone Joint Surg Am. (2008) 90:1690–7. doi: 10.2106/JBJS.G.00528

28. Beck NA, Ganley TJ, McKay S, Tomlinson L, Ahn J, Flynn JM, et al. T-condylar fractures of the distal humerus in children: does early motion affect final range of motion? J Child Orthop. (2014) 8:161–5. doi: 10.1007/s11832-014-0576-1

29. Anari JB, Neuwirth AL, Carducci NM, Donegan DJ, Baldwin KD. Pediatric T-Condylar humerus fractures: a systematic review. J Pediatr Orthop. (2017) 37:36–40. doi: 10.1097/BPO.0000000000000588


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Shu, Zhao, Yang, Li, Jiang, Rai, Zhong and Tang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fped-10-916604-t002.jpg
No. OD (min) FLT (month) CAD MEPS UT (week) Flynn

1 56 36 2 95 12 Excellent
2 60 37 3 95 10 Excellent
3 52 24 3 90 12 Good
4 55 48 2 95 9 Excellent
5 57 45 0 95 10 Good
6 49 27 4 95 10 Good
7 52 39 3 100 10 Excellent
8 46 42 3 95 12 Good

OD, operation duration (min); FLT, follow-up time (month); CAD, carrying angle
difference; MEPS, Mayo Elbow Performance Score; UT, union time.
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