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Abstract 

Background: Acute Monteggia fracture (AMF) is defined as a fracture of the proximal ulna combined with a disloca-
tion of the radial head, with less than 1 percent prevalence in pediatric patients with an elbow injury. This retrospec-
tive study aimed to compare the efficacy of two treatment methods for oblique ulnar fracture AMF Bado type I in 
children.

Methods: In this retrospective study, 28 children with oblique ulnar fracture acute Monteggia injury Bado I were 
included. Patients was divided into two groups: In the EIN group 16 patients were fixed with elastic intramedullary nail 
after reduction, and in the LCP group 12 patients were fixed with locking compression plate after reduction. Opera-
tion time and blood loss were recorded and the patients were assessed clinically by the Mayo Elbow Performance 
Score (MEPS), range of movement(ROM) and range of rotation(ROR).

Results: Twenty-eight patients were accessible for durable follow-up, with a mean age of 7.7 ± 1.3 years, follow up 
by 33.7 ± 5.1 months. The average operation time was 48.1 ± 9.2 min for the EIN group and 67.1 ± 7.2 min for the LCP 
group. The average blood loss was 8.2 ± 2.3 ml for the EIN group and 18.8 ± 3.8 ml for the LCP group. The average 
operation time and average blood loss in the EIN group are significant less than the LCP group. Mean MEPS, ROM, 
ROR in both group improved significantly before sugery to three months after surgery, and maintained very good 
results at last follow up. There is no significant difference between the EIN group and the LCP group in MEPS, ROM 
and ROR.

Conclusions: Oblique ulnar fracture Bado type I acute monteggia fracture in pediatric patients fixed by EIN and LCP 
can both get good mid-term results measured by MEPS, ROM and ROR, Fixed by EIN have shorter operation time and 
less blood loss than fixed by LCP.
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ulnar fracture

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Monteggia fracture was first described by an Ital-
ian surgeon, Giovanni Batista Montage, in 1814 as an 
ulnar fracture, usually in the proximal edge with an 
associated radial head dislocation [1]. In 1967 Bado 
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classified Monteggia fractures into four types accord-
ing to the direction of radial head dislocation and 
ulnar shaft angulation [2]. Monteggia fracture is a rare 
injury usually seen in children between four to ten 
years old, with an incidence of less than 1% of all pedi-
atric fractures [3]. It is generally agreed that these inju-
ries should be managed in the acute state [4].

Treatment of Bado type I acute Monteggia fractures 
in children remains a challenge for pediatric orthope-
dic surgeons, and can vary from conservative treat-
ment by cast to surgical treatment [5]. The critical 
feature of managing Monteggia fractures is to ensure 
the length stability of the reduced ulnar and radial 
head [6, 7]. When the length stability of ulnar cannot 
be maintained as oblique fracture, it is indicated to 
use surgical stabilization by elastic intramedullary nail 
(EIN) or locking compression plate (LCP) [8, 9]. Elastic 
intramedullary nail has lower rates of recurrent radial-
head subluxation and loss of ulnar alignment requiring 
subsequent operative treatment [8]. But plate fixation 
offers excellent stability, fully early motion,allows to 
manage proximal and distal fractures, and does not 
need a cast in post-operative periods [10]. However, 
no specific research has compared these two proce-
dures. Therefore, we compared the treatment methods 
employed for Bado type I acute Monteggia fractures to 
improve the understanding of the diagnosis and thera-
peutic approach of these fractures.

Materials and methods
Study population
Children with elbow fracture treated at our depart-
ment between January 2013 and August 2020 were 
enrolled in this study. All subjects met the inclusion 
criteria:

Inclusive criteria: 1. children aged below 14  years 
old; 2. diagnosed as Bado type I acute Monteggia 
fracture, 3.X-ray confirmed oblique ulnar fracture, 
and 4. children who were followed up for at least 
2 years. 
Exclusion criteria: Open fracture or fracture associ-
ated with vascular injuries, incomplete, transverse 
and comminuted ulnar fractures.

Patients treating with EIN were admitted into the 
EIN Group and patients treating with LCP were admit-
ted into the LCP Group. A total of 28 patients, com-
prising of 18males and 10 females, with an average age 
of 7.7 ± 1.3  years (6–10  years) were eligible. There were 
16 cases of right elbow injury and 12 cases of left elbow 

injury; 19 cases suffered falling injury and 9 cases suf-
fered road traffic injury.

Surgical procedures
The patient was placed in the supine position and given 
general anesthesia.Tourniquet was used to reduce blood 
loss. In the EIN group, the ulna was first reestablished by 
longitudinal traction. After reduction of ulnar, a longitu-
dinal incision was made about 1.5  cm long outside the 
proximal ulna to exposed the ulnar and a suitable diam-
eter EIN was inserted inside ulna. In the LCP group, a 
longitudinal incision, centered at the apex of the fracture, 
was made along the subcutaneous border of the ulna, 
at the extensor carpi ulnaris–flexor carpi ulnaris inter-
val. Thereafter, the ulnar fracture was reduced and fixed 
by suitable LCP. In both groups, after completing the 
reduction of ulnar, the elbow was flexed and posteriorly 
directed pressure over the anterior aspect of the radial 
head for reduction of the radial head, and the forearm 
was pronated and supinated to achieve a concentricre-
duction. Fluoroscopy confirmed that the ulna was aligned 
well, and the radial head was satisfactorily reducedwith 
the forearm in supination. Thereafter. a long arm splint 
or bivalved cast was applied with the elbow in 90—110 
degrees of flexion andforearm supination for 4–6 weeks.

Data collection
Surgical records were reviewed, and the operation time 
and blood loss were recorded. Mayo Elbow Perfor-
mance Score (MEPS), range of elbow movement flex-
ion/extension(ROM),and range of rotation(ROR) were 
recorded before the operation, three months postopera-
tion and the last follow-up (Table 1). All MEPS were filled 
by patients along with their parents, and pre-operation 
MEPS were filled by the parents.

Statistical analysis
SPSS 21.0 was used for statistical analysis. The opera-
tion time, bloodloss, MEPS score,ROM and ROR were 
expressed as the mean ± SD. All measured data pre-
operation and three months postoperation and the last 
follow-up were compared using the Mann–Whitney 
rank sum test. A p < 0.05 was considered as statistically 
significant.

Results
All 28 patients sustained an oblique ulnar fracture. All 
cases were followed-up for33.7 ± 5.1  months (Table  1). 
The operation time was 48.1 ± 9.2 min for the EIN Group 
and 67.1 ± 7.2 minfor the LCP Group.  The bloodloss 
was 8.2 ± 2.3  ml for the EIN Group and 18.8 ± 3.8  ml 
for the LCP Group. The operation time and bloodloss 
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in the EIN Group were significant less than the LCP 
Group (p < 0.05). MEPS in the EIN Group improved 
from 19.4 ± 7.2 before surgery to 74.7 ± 4.6 at three 
months after surgery, and maintained 90.3 ± 3.4 at the 
last follow up. ROM in the EIN Group improved from 
16.3 ± 5.6 before surgery to 79.7 ± 6.7 at three months 
after surgery, and maintained 135.0 ± 5.8 at the last fol-
low up. ROR in the EIN Group improved from 10.3 ± 3.4 
before surgery to 94.7 ± 7.2 at three months after sur-
gery, and maintained 150.0 ± 8.9 at the last follow up. 
There was a significant difference among the pre-opera-
tion, three months post-operation and the last follow-up 
scores in MEPS, ROM and ROR (p < 0.05). MEPS in the 
LCP Group improved from 19.6 ± 4.0 before surgery to 
74.2 ± 4.7 at three months after surgery, and maintained 
88.8 ± 3.1 at the last follow-up (p < 0.05). ROM in the 
LCP Group improved from 12.1 ± 5.0 before surgery to 
76.3 ± 5.7 at three months after surgery, and maintained 
133.3 ± 4.4 at the last follow-up. ROR in the LCP Group 

improved from 10.3 ± 3.4 before surgery to 90.8 ± 7.6 at 
three months after surgery, and maintained 147.9 ± 7.8 
at the last follow up. There was a significant difference 
among the preoperation, three months post-operation 
and the last follow-up scores in MEPS, ROM and ROR 
(p < 0.05). However, there was no significant difference in 
MEPS, ROM and ROR between the EIN Group and the 
LCP Group no matter before the operation, three months 
postoperation and the last follow-up (p > 0.05).

Discussion
Bado classification of Monteggia fractures has been 
proved a exellent classification with only minimal modi-
fications except for the addition of various equivalent 
lesions [11]. Bado type I refers to anterior dislocation of 
the radial head associated with an apex anterior ulnar 
diaphyseal fracture at any level, which is the most com-
mon type of Monteggia fracture (60 -79%) [12, 13].

Table 1 General information of selected children

No Age
(yo)

Gender Group Side FU
(m)

OP
(min)

Blood 
Loss
(ml)

Pre-OP 3 M Post-OP LFU Post-OP

MEPS ROM ROR MEPS ROM ROR MEPS ROM ROR

1 6 M EIN R 42 40 5 20 20 10 75 70 100 90 130 150

2 7 F LCP L 33 65 15 15 15 20 70 75 95 85 130 150

3 8 F EIN R 26 48 10 25 25 5 70 75 90 85 140 160

4 7 M EIN L 37 53 10 15 15 15 80 80 80 95 140 160

5 8 M LCP L 41 70 20 20 20 10 65 80 90 90 140 160

6 8 M LCP R 35 67 15 25 15 15 75 90 100 90 130 150

7 7 M EIN R 40 38 10 30 25 10 75 85 95 90 130 140

8 10 M LCP R 36 78 15 25 10 5 70 80 85 95 130 150

9 8 F EIN L 31 32 10 25 20 10 70 80 95 90 135 150

10 9 M EIN L 29 45 5 15 15 15 70 85 90 90 135 150

11 6 M EIN R 26 39 5 20 15 10 75 75 95 95 140 160

12 9 M LCP L 28 80 25 20 15 10 75 75 90 90 130 160

13 7 F EIN R 41 61 10 15 10 5 70 70 100 90 130 140

14 6 M EIN L 40 55 6 15 15 10 80 80 100 85 140 150

15 8 M EIN R 32 44 7 20 20 15 80 90 105 90 140 150

16 6 F LCP R 32 65 20 15 10 5 70 70 80 85 135 140

17 8 M LCP R 31 70 20 15 20 15 75 75 85 90 140 135

18 8 M EIN R 27 48 8 25 20 10 75 85 100 95 135 160

19 7 F LCP R 38 55 15 20 15 10 80 70 100 85 130 150

20 9 M EIN L 39 50 10 15 15 10 85 90 95 90 140 150

21 6 M LCP L 27 70 20 15 15 15 80 75 90 85 130 140

22 10 F EIN R 35 50 10 10 5 5 70 70 80 85 120 130

23 6 M EIN R 35 41 5 20 10 10 75 75 90 90 135 140

24 9 M LCP L 30 60 15 20 20 10 75 80 105 90 140 150

25 7 F EIN L 30 65 10 25 20 15 75 80 100 95 140 150

26 10 F LCP R 29 65 25 25 10 10 75 70 85 90 130 150

27 7 M LCP L 32 60 20 20 15 20 80 75 85 90 135 140

28 9 F EIN R 40 60 10 15 10 10 70 85 100 90 130 160
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For Bado type IMonteggia fracture, non-surgical ther-
apy should be considered in case of length stable ulnar 
fracture just like greenstick [14]. Numerous research-
ers reported that closed reduction associated with cast-
ing is one of the most effective treatment methods for 
patients with acute Monteggia fractures, which typi-
cally result in unpredictable healing [15, 16].  Numer-
ous studies investigated the therapeutic techniques 
and recommendations for acute Monteggia fractures, 
which is a non-invasive treatment with a cast focused 
on stabilizing ulnar fractures [8, 17, 18]. Ring recom-
mended a treatment approach to reconstruct ulnar 
anatomy to support acute Monteggia fracture displace-
ments, stating that  incomplete ulnar fractures,  such as 
plastic deformation and greenstick fractures, are usually 

treated by closed reduction with casting, complete frac-
tures should be treated with surgical reduction and sta-
bilization [19]. Intramedullary pin fixation  is typically 
advised for stable  length ulnar fractures,  such as short 
oblique or transverse fractures. Open  reduction and 
plate fixation are advised for unstable length ulnar frac-
tures,  such as comminuted or long oblique fractures, 
but there is no clear definition of short or long oblique 
fractures [20].

Several trials have demonstrated that elastic stable 
intramedullary nailing (ESIN) is a minimally invasive and 
effective procedure with a low risk of complication, which 
can be used in children with acute Monteggia fractures 
needing surgical care as an initial treatment choice [21]. 
However, the most appropriate therapeutic approach for 

Fig. 1 Case No.17, 8 years old boy, diagnosed as oblique ulnar fracture AMF Bado type I, treated with locking plate, after 31 months FU, the 
movement of elbow return normal

Fig. 2 Case No.4, 7 years old boy, diagnosed as oblique ulnar fracture AMF Bado type I, treated with elastic intramedullary nail, after 37 months FU, 
the movement of elbow return normal
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acute Monteggia fractures remains controversial [22, 23]. 
There is no consensus on the optimal surgical option to 
provide better outcome for Bado type I Monteggia frac-
ture with oblique ulnar fracture.

In this study, the EIN Group had shorter operation 
time and less blood loss than the LCP Group, which 
may be related to the smaller incision of EIN compared 
to LCP, and the process of EIN insert is more easier than 
LCP fixation (Table  2). Both groups showed significant 
improvements in MEPS, ROM and ROR at three months 
postoperation and the last follow-up, which suggested 
that surgical stabilization can provide stable length of 
ulnar and maintain concentric reduction of radial head 
for oblique ulnar fracture. Compared to the LCP Group 
(Fig.  1), there were no significant differences in MEPS, 
ROM and ROR even in increments of each indicator in 
the EIN Group, suggesting that EIN provides the same 
stability to ulna in oblique fracture, both in subjective 
assessment of rehabilitation and objective clinical evalu-
ation of function restoration (Fig. 2).

Ramski indicated that EIN is recommended for 
length stable (eg, transverse or short oblique) ulnar 
fractures and LCP is recommended for length unstable 
(eg, long oblique or comminuted) ulnar fractures, and 
fracture pattern was deemed “long oblique” if the frac-
ture line measured > 2 times the cortical diameter [8]. 
But in this study, it is showed that even in long oblique 
ulnar fracture case (Fig. 2), if there can formed impact 
between both end of fracture when reduce, and com-
firmed there is no ulnar axial displacement after ulna 
reduced, choosing proper diameter EIN (more than one 
half ulnar diameter) could also achieve good clinical 
result.

This study had some limitations. First, the number 
of patients enrolled in this study was limited. Second, 
the follow-up time was insufficient to provide long-
term results. Moreover, EIN methods have some disad-
vantages. For example, LCP can provide more stability 
than EIN for comminuted ulnar fracture.

Conclusion
Oblique ulnar Bado type I acute Monteggia fracture in 
pediatric patients fixed by EIN and LCP can achieve 
good mid-term results measured by MEPS, ROM and 
ROR, EIN procedure has shorter operation time and 
lessbloodloss than LCP procedure.

Abbreviations
EIN: Elastic intramedullary nail; LCP: Locking compression plate; MEPS: Mayo 
Elbow Performance Score; ROM: Range of motion; F/E: Flexion/Extension; P/S: 
Pronation /Supination; N/A: Not Applicable; AMF: Acute monteggia fracture.

Acknowledgements
Not applicable.

Authors’ contributions
DTAV and ZS share co-frst author. DTAV and ZS drafted the initial manuscript, 
carried out the initial analyses, and reviewed and revised the manuscript. KW, 
ZT and FX designed the data collection instruments, collected data, and criti-
cally reviewed the manuscript. JW and SX conceptualized and designed the 
study, coordinated and supervised data collection, and reviewed and revised 
the manuscript. All authors approved the fnal manuscript as submitted and 
agree to be accountable for all aspects of the work.

Funding
This study is supported by scientific research project of Hunan Education 
Department (No.21A0054).

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to privacy of the patients but are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committee of Hunan Provincial People’s 
Hospital, the First Affiliated Hospital of Hunan Normal University and was 
performed in accordance with the ethical standards set by the Declaration of 
Helsinki. Informed consent from Parents/guardians of children(participants) for 
participation.

Consent for publication
Parents/guardians gave their written informed consent for their child’s 
personal or clinical details along with all identifying images to be published in 
this study.

Competing interests
The authors declare that they have no competing fnancial interests.

Author details
1 Department of Pediatric Orthopedics, Hunan Provincial People’s Hospital, 
the First Affiliated Hospital of Hunan Normal University, Changsha 410005, 
Hunan, China. 2 Department of Human Anatomy, Hunan Normal University 
School of Medicine, Changsha, Hunan 410013, China. 

Received: 18 June 2022   Accepted: 5 September 2022

References
 1. Monteggia GB. Lussazioni delle ossa delle estremita superiori. Instituzioni 

Chirurgiches. 1814;5:131–3.
 2. Bado JL. The Monteggia lesion. Clin Orthop Relat Res. 1967;50:71–86.
 3. Olney BW, Menelaus MB. Monteggia and equivalent lesions in childhood. 

J Pediatr Orthop. 1989;9:219–23.
 4. Wilkins KE. Changes in the management of monteggia fractures. J Pediatr 

Orthop. 2002;22:548–54.
 5. Ring D. Monteggia fractures. Orthop Clin North Am. 2013;44:59–66.
 6. Kontakis GM, Pasku D, Pagkalos J, Katonis PG. The natural History of a 

mistreated ipsilateral Galeazzi and Monteggia lesion: report of a case 39 
years post-injury. Acta Orthop Belg. 2008;74:546–9.

 7. Lädermann A, Ceroni D, Lefèvre Y, De Rosa V, De Coulon G, Kaelin A. Surgi-
cal treatment of missed Monteggia lesions in children. J Child Orthop. 
2007;1(4):237–42.

 8. Ramski DE, Hennrikus WP, Bae DS, Baldwin KD, Patel NM, Waters PM, 
Flynn JM. Pediatric monteggia fractures: a multicenter examination of 
treatment strategy and early clinical and radiographic results. J Pediatr 
Orthop. 2015;35(2):115–20.

 9. Bae DS. Successful strategies for managing Monteggia injuries. J Pediatr 
Orthop. 2016;36(suppl 1):S67-70.



Page 7 of 7Vithran et al. BMC Musculoskeletal Disorders          (2022) 23:858  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 10. Vitiello R, Lillo M, Donati F, Masci G, Noia G, De Santis V, Maccauro G. Lock-
ing plate fixation in pediatric femur fracture: evaluation of the outcomes 
in our experience. Acta Biomed. 2019;90(1-S):110–5.

 11. Pešl T, Havránek P. Monteggiova léze v detském veku—návrh nové klasifi-
kace. Acta Chir Orthop Traumatol Cech. 2005;72:164–9.

 12. Rehim SA, Maynard MA, Sebastin SJ, Chung KC. Monteggia fracture 
dislocations: a historical review. J Hand Surg Am. 2014;39(7):1384–94.

 13. Joeris A, Lutz N, Blumenthal A, Slongo T, Audigé L. The AO Pediatric Com-
prehensive Classification of Long Bone Fractures (PCCF). Acta Orthop. 
2017;88:123–8.

 14. Johnson NP, Silberman M. Monteggia Fractures. Treasure Island (FL): 
StatPearls Publishing; 2019. Updated 2019 Jan 20.

 15. Chin K, Kozin SH, Herman M, Horn BD, Eberson CP, Bae DS, Abzug J. Pedi-
atric Monteggia fracture-dislocations: avoiding problems and managing 
complications. Instr Course Lect. 2016;65:399–407.

 16. Foran I, Upasani VV, Wallace CD, Britt E, Bastrom TP, Bomar JD, Pennock 
AT. Acute pediatric Monteggia fractures: a conservative approach to 
stabilization. J Pediatr Orthop. 2017;37(6):e335–41.

 17. Leonidou A, Pagkalos J, Lepetsos P, Antonis K, Flieger I, Tsiridis E, Leonidou 
O. Pediatric Monteggia fractures: a single-center study of the manage-
ment of 40 patients. J Pediatr Orthop. 2012;32(4):352–6.

 18. He JP, Hao Y, Shao JF. Comparison of treatment methods for pediatric 
Monteggia fracture: met vs missed radial head dislocation. Medicine 
(Baltimore). 2019;98:e13942.

 19. Ring D, Waters PM. Operative fixation of Monteggia fractures in children. J 
Bone Joint Surg Br. 1996;78:734–9.

 20. Stoll TM, Willis RB, Paterson DC. Treatment of the missed Monteggia 
fracture in the child. J Bone Joint Surg Br. 1992;74:436–40.

 21 Letts M, Locht R, Wiens J. Monteggia fracture-dislocations in children. J 
Bone Joint Surg Br. 1985;67-B:724–7.

 22. Eamsobhana P, Chalayon O, Kaewpornsawan K, Ariyawatkul T. Missed 
Monteggia fracture dislocations treated by open reduction of the radial 
head. Bone Joint J. 2018;100-B(8):1117–24.

 23. ElKhouly A, Fairhurst J, Aarvold A. The Monteggia Fracture: literature 
review and report of a new variant. J Orthop Case Rep. 2018;8(4):78–81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Comparison of the midterm result between locking plate and elastic intramedullary nail treating oblique ulnar fracture Bado type I acute monteggia fracture in pediatric patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study population
	Surgical procedures
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


