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ABSTRACT

Background: The current body of scientific literature does not fully comment on the
pattern of paediatric forearm fractures. This study’s goal is to identify any recurrent
patterns related to paediatric forearm fractures in India.

Materials and Methods: This retrospective study was conducted in a trauma centre
designated as level 1. The study population included patients up to the age of 18 who
presented with forearm fractures between June 2020 to May 2022. Individuals who
were recruited had their demographic information taken from their medical records,
and plain films were used to locate any fractures that may have occurred. We calculated
means and standard deviations when dealing with continuous variables, but frequencies
and percentages when dealing with categorical variables.

Results: Patients’ ages varied widely, from 1 year 2 months to 18 years; the average age
was 10.42 years (SD = 4.56 years) in this study. Men made up 80.8% of the total, with
women making up 53.1%. Patients who fell were more likely to be injured (82.1
percentage points, p 0.001) than those who did not. There was no statistically significant
difference in the prevalence of any particular fracture location between the two age
groups. After the distal third of the forearm (34.2%), the distal third of the forearm
diaphysis was the most prevalent location for fractures to occur.

Conclusion: Children’s of school-age often get forearm fractures in accidents. It was
found in this research that distal radius fractures were the most common type. Falls
were the leading cause of injury, highlighting the need for further monitoring and
protection in areas frequented by large groups of youngsters.
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INTRODUCTION

Forearm fractures are the most common type of fractures found in children and adolescents;
nevertheless, there are no comprehensive overviews of their epidemiology that are currently
available.”® A comprehensive understanding of the anatomy of the paediatric forearm
provides essential instructions for therapy in both the nonoperative and surgical settings. In
spite of the fact that the ulna is anatomically very straight and unmoving, it plays a more
significant role in the maintenance of forearm stability, particularly when subjected to
buckling and torsional stress. It is the proximal annular ligament, the interosseous membrane
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along the diaphysis, and the ligaments of the distal radioulnar joint and the triangular
fibrocartilage complex that hold the radius and ulna together. The range of pronation can be
increased by adding a radial bow, which is a lateral apex bend in the radius. When in
supination, the interosseous membrane experiences higher strain distally, as opposed to when
in neutral or pronation, where it experiences higher strain proximally.”™ The distal radial
and ulnar growth plates are accountable for 75% and 81% of the respective bones'
longitudinal growth, respectively. Because of this polarisation of growth, distal fractures have
a higher remodelling potential than fractures that are proximal to the elbow. The elevation of
the thick osteogenic periosteum that occurs following a fracture is another factor that can be
linked to further remodelling. Forearm fractures in children are most frequently caused by
indirect trauma, such as a fall onto an outstretched hand that is accompanied by a rotational
component. Fractures of a single bone in the forearm are much less prevalent than other types
of fractures and are often the consequence of direct impact. On the other hand, if there is only
one broken bone in the forearm, such as the ulna or the radius, one should always be
suspicious of a Monteggia or Galeazzi fracture dislocation.®!

In children, the rate of fractures is significantly higher than the rate of other types of injuries,
and medical professionals see patients with fractures quite frequently. The majority of broken
bones in children's arms are found in the forearms, accounting for one quarter of all injuries.
Some authors believe that forearm fractures account for between 30 and 50 percent of all
paediatric fractures. This opinion is shared by others in the medical community. According to
the findings of several studies that have revealed that boys are more likely to suffer from
forearm fractures, the risk of fracture among children under the age of 16 years old has been
reported to be 42% in boys and 27% in girls for boys."***®! This is in comparison to the risk
of fracture among girls, which was reported to be 27%. Injuries to the forearm are most
commonly sustained as a result of falls. One of the locations on the radius that experiences
fractures the most frequently is the distal region. Forearm fractures can be classified
according to their anatomical location (distal, middle, or proximal), the bone or bones that are
broken (radius, ulna, or both), or the presence or absence of involvement of the radioulnar
joint. As opposed to a fracture that only affects the radial or ulnar shaft, it is more common to
have a fracture that affects both the radius and the ulna."2% This type of fracture is known as
a biradial fracture. It was found that the isolated ulnar shaft was the region with the lowest
incidence of fractures in that particular region. This study's objectives were to evaluate the
pattern of forearm fractures in children aged up to 18 years old who were treated at a level |
trauma centre; identify differences between children aged 12 and younger than 12 years old
in terms of sex, fracture location, side of fracture, and mechanism of injury; and (3) compare
the pattern of forearm fractures in children aged 12 and older than 12 years old. The
evaluation was scheduled to take place in a trauma centre with a level I designation.?*%®!

MATERIALS & METHODS

The medical college was the location of this cross-sectional study that was based on records.
In addition to this, it is considered a national referral centre for trauma because it treats
roughly 35 instances of paediatric trauma every single month. It can accommodate a total of
600 guests in its rooms. In 2020, it was projected that there were roughly 10,000 instances of
paediatric conditions each year. Children up to the age of 15 years old who were diagnosed
with forearm fractures between June 2020 and May 2022 were included in the study as
subjects.?*#! All fractures of the forearm shaft (diaphysis) and distal forearm, including
metaphysis and physis fractures, were included in the study. Additionally, cases in which the
ipsilateral radioulnar joint was involved were also included (Monteggia or Galeazzi fracture-
dislocation). It was determined that there were no olecranon, radial head, or ulnar head
fractures, as well as any pathological fractures.**=*! The medical records were searched for
X-ray films, which were then read by two experienced authors. Their medical records
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included information on their demographics as well as the circumstances behind their
injuries.®® A classification system was developed for fractures according to the anatomical
site of the break: distal forearm (metaphysis and diaphy sealemetaphy seal junction), and
forearm shaft (distal third, middle third, and proximal third).E” The findings were broken
down and analysed for two different age groups: those 12 years old, which is the age at which
children are often more active and when gender preferences in activities begin to emerge, and
those older than 12 years old.***2

RESULTS

Mean and standard deviation were both calculated to be 10.42 and 4.56 years for the patients
in this investigation, whose ages varied from 1.22 to 18. There were 257 males, or 80.82
percent of the total, and 61 females, or 19.18 percent. The average age of male patients was
11.284.4 years, whereas the average age of female patients was 73.6 years; this difference
was statistically significant (p 0.01). There were 149 patients in the 12-year-old group
(46.9%), and 169 patients in the 0.001) group (53.1%). A total of 267 fractures (or 83.96%)
were attributed to falls, making them the leading cause of injury in our population. Fifty-one
cases (16.04%) of fractures were the result of direct impacts or hits, such as those
experienced in motor vehicle accidents (MVAS). Younger children were more likely to incur
injuries from falls than older children, although younger children were more likely to sustain
injuries from direct strikes than older children. There was no significant difference in the ages
of children in terms of fracture location, anatomical involvement, or side [Table 1]. An
solitary ulnar shaft fracture was only observed in the younger age group (p less than 0.04). Of
the three fracture-dislocations traced back to the Monteggia, two were found in children and
one was a teenager.

Table 1: General properties of Forearm fracture

Sr.no | Parameters Category | Age(<12) | % Age (<12) | %
1. Sex Female 54 32 7 4.7
Male 115 68 142 95.3
2. Mechanism of | Direct 14 8.3 37 24.8
Injury Fall 155 91.7 112 75.2
3. Side fracture Left 90 53.3 94 61.1
Right 79 46.7 53 35.6
Bilateral 0.0 0.0 2 1.3
4. Both of Single | Ulna 7 4.1 0 0.0
bone Radius 99 58.6 90 60.4
Both 63 37.3 59 39.6
5. | Type of Distal 81 47.9 72 48.3
facture Radius
Distal 1/3 | 53 314 56 37.6
shaft
Middle 1/3 | 31 18.3 20 13.4
shaft
Proximal 4 2.4 1 0.7
1/3 shaft

More than half of all forearm fractures (48.11 percent, n = 153) occurred in the distal
forearm, with the next most common place being the distal third of the forearm shaft
(34.28%, n = 109). There were 16.04% (n = 51) forearm fractures in the middle third of the
forearm shaft and 1.57% (n = 5) in the proximal third. 14.4% (n = 22) of distal forearm
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fractures, 17.4% (n = 19) of distal third of forearm shaft fractures, 17.6% (n = 9) of middle
third of forearm shaft fractures, and 20% (n = 1) of proximal forearm shaft fractures were
caused by direct hits, with no statistically significant difference (p = 0.63) between the distal,
middle, and proximal thirds of the forearm shaft. We found a statistically significant (p =
0.02) difference between direct hit injuries involving a single bone (15.8%; n = 31) and those
involving both the radius and ulna (16.4%; n = 20).

DISCUSSION

Children's forearms make up 30-50% of all broken bones. Distal radial fractures are the most
prevalent type of radial bone fracture in children, it has been reported. [Insert citation here]
Children's forearm fractures are quite costly to cure. There appears to be an upward trend in
the incidence of distal radial fractures in children during the past four decades, but the cause
of this trend is not easily identified. Some research suggests this is due to an increase in kids'
engagement in sports and other forms of physical activity. There has been an increase in the
number of operations conducted over the past decade. Age is a major factor in determining
remodelling potential because of the age-related decline in remodelling capacity. Functional
outcomes following closed reduction of forearm fractures in children aged 4-12 were
determined to be satisfactory. Most fractures were found to occur at the distal forearm,
specifically the distal radius. When comparing the rates of distal forearm fractures between
boys and girls, Ryan and coworkers found a statistically significant difference, with boys
accounting for 64% of all fractures. Consistent results have been seen in other studies. At 16
years old, the risk of a forearm fracture is 42% higher in boys than it is in girls. Among the
people we looked at, the incidence of fractures was 4.2% greater among boys than among
girls. With those younger than 0.001) these results are consistent with previous research
showing that fractures are more common in males than females. [Insert citation here] [Insert
citation here] The average age of presentation was found to be 9 years and 3.9 months in
male patients by Ryan and coworkers2, and 7.3 years and 3.9 months in female patients.
There was a discernible statistical gap here. Valerio22 found that male patients had a mean
age of 12, whereas female patients had a mean age of 9. Similarly, we found that there was a
statistically significant gap between the ages of male and female patients, with the median
age of male patients being 11.28 4.4 years and the median age of female patients being 7 3.6
years (p 0.01). This may be because of the competitive nature of the sports and other forms of
physical activity that most men like. Forearm fractures are most common between the ages of
11 and 12 in girls and 13 and 14 in boys, according to research by Hedstrom et al.10. It is
possible that school-aged children and teenagers are more likely to sustain injuries as a result
of being pushed or falling from playground equipment while in public places or schools, but
we were unable to determine the specific activity that a child was engaged in due to the lack
of complete documentation.

Drawbacks of the study:

Due to the design of the study, we were unable to control for some factors, including the
child's dexterity and the activity and setting in which the injury occurred. Since not all cases
were treated in our institute due to a lack of eligibility, treatment modalities were not
mentioned. It was challenging to include more centres for a bigger study sample due to
variations in record keeping and hospital policies. The true prevalence of forearm fractures in
children could not be identified in this hospital-based investigation; however, a bigger study
covering most centres in a specific region would be useful in that regard.

CONCLUSION

Forearm fractures are a common injury in youngsters, especially boys. Teenagers and
preteens are especially vulnerable. The most frequent site of fracture in the radius is the distal
region, which includes the distal metaphysis-diaphysis and physis. Most injuries among
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children occur from falling; therefore it's important to take extra measures to ensure their
safety in high-traffic locations.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Li, Y., James, C., Byl, N., Sessel, J., Caird, M. S., Farley, F. A., & Robbins, C. (2020).
Obese children have different forearm fracture characteristics compared with normal-
weight children. Journal of Pediatric Orthopaedics, 40(2), e127-e130.

Corsino, C. B., Reeves, R. A., & Sieg, R. N. (2021). Distal radius fractures. StatPearls
[Internet].

Bram, J. T., Johnson, M. A., Magee, L. C., Mehta, N. N., Fazal, F. Z., Baldwin, K. D.,
... & Shah, A. S. (2020). Where have all the fractures gone? The epidemiology of
pediatric fractures during the COVID-19 pandemic. Journal of Pediatric Orthopaedics,
40(8), 373-379.

Nicholson, L. T., & Skaggs, D. L. (2019). Proximal radius fractures in children.
JAAOS-Journal of the American Academy of Orthopaedic Surgeons, 27(19), e876-
€886.

Huetteman, H. E., Shauver, M. J., Malay, S., Chung, T. T., & Chung, K. C. (2019).
Variation in the Treatment of Distal Radius Fractures in the United States: 2010-2015.
Plastic and reconstructive surgery, 143(1), 159.

Bram, J. T., Johnson, M. A., Magee, L. C., Mehta, N. N., Fazal, F. Z., Baldwin, K. D.,
... & Shah, A. S. (2020). Where have all the fractures gone? The epidemiology of
pediatric fractures during the COVID-19 pandemic. Journal of Pediatric Orthopaedics,
40(8), 373-379.

Sengab, A., Krijnen, P., & Schipper, I. B. (2019). Displaced distal radius fractures in
children, cast alone vs additional K-wire fixation: a meta-analysis. European Journal of
Trauma and Emergency Surgery, 45(6), 1003-1011.

Korup, L. R., Larsen, P., Nanthan, K. R., Arildsen, M., Warming, N., Sgrensen, S, ... &
Elsoe, R. (2022). Children’s distal forearm fractures: a population-based epidemiology
study of 4,316 fractures. Bone & joint open, 3(6), 448-454.

Ducic, S., Milanovic, F., Lazovic, M., Bukva, B., Djuricic, G., Radlovic, V., & Nikolic,
D. (2022). Vitamin D and forearm fractures in children preliminary findings: risk
factors and correlation between low-energy and high-energy fractures. Children, 9(5),
762.

Gonzalez, N., Lucas, J. M. P., Winegar, A., Den Haese, J., & Danahy, P. (2022). A
Review of Pediatric Distal Radius Buckle Fractures and the Current Understanding of
Angled Buckle Fractures. Cureus, 14(5).

Raudasoja, L., Aspinen, S., Vastamaki, H., Ryhéanen, J., & Hulkkonen, S. (2022).
Epidemiology and Treatment of Distal Radius Fractures in Finland—A Nationwide
Register Study. Journal of Clinical Medicine, 11(10), 2851.

Alencar Neto, J. B. D., Jales, C. D. S., Coelho, J. V. D. V., Souza, C. J. D. D., &
Cavalcante, M. L. C. (2022). EPIDEMIOLOGY, CLASSIFICATION, AND
TREATMENT OF BILATERAL FRACTURES OF THE DISTAL RADIUS. Acta
Ortopédica Brasileira, 30.

Lazzeri, S., Talanti, E., Basciano, S., Barbato, R., Fontanelli, F., Uccheddu, F., ... &
Carfagni, M. (2022). 3D-Printed Patient-Specific Casts for the Distal Radius in
Children: Outcome and Pre-Market Survey. Materials, 15(8), 2863.

Lindsay, S. E., Holmes, S., Swarup, I., & Halsey, M. (2022). Trends in Management of
Pediatric Distal Radius Buckle Fractures. Journal of Pediatric Orthopaedics, 10-1097.
Laaksonen, T. (2022). Overriding distal metaphyseal radial fractures in children—
Epidemiology, treatment, and outcome.

1697



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 09, Issue 01, 2022

Qiu, X., Deng, H., Su, Q., Zeng, S., Han, S., Li, S., ... & Tang, S. (2022). Epidemiology
and management of 10,486 pediatric fractures in Shenzhen: experience and lessons to
be learnt. BMC pediatrics, 22(1), 1-14.

Pesorda, D., Kereti¢, D., Ivelj, R., Bumci, B., Bumc¢i, 1., Visnji¢, S., & Zic, R.
Secondary displacement in distal forearm fractures in children: adequate positioning of
the wrist in the cast is more important than cast index. Journal of Pediatric Orthopaedics
B, BPB-0000000000000976.

Duffy, S., Flannery, O., Gelfer, Y., & Monsell, F. (2021). Overview of the
contemporary management of supracondylar humeral fractures in children. European
Journal of Orthopaedic Surgery & Traumatology, 31(5), 871-881.

Liu, Y., Zhang, F. Y., Zhen, Y. F., Zhu, L. Q., Guo, Z. X., & Wang, X. D. (2021).
Treatment choice of complete distal forearm fractures in 8 to 14 years old children.
Journal of Pediatric Orthopedics, 41(9), e763.

Rashid, M. S., Dorman, S., Humphry, S., & POTS study collaborators. (2021).
Management of acute paediatric fractures treated surgically in the UK: a cross-sectional
study. The Annals of The Royal College of Surgeons of England, 103(4), 302-307.
Hepping, A. M. (2021). Grip on recovery after paediatric forearm fractures (Doctoral
dissertation, University of Groningen).

Hefny, A. S. M., Elsayed, M. H., Metwally, O. M., & Ahmed, E. M. M. (2022).
Evaluation of Outcome of Percutaneous K-wires Fixation of Pediatric Both Bone
Forearm Fractures. The Egyptian Journal of Hospital Medicine, 86(1), 586-592.
Rosenthal, J. L., Haynes, S. C., Bonilla, B., Rominger, K., Williams, J., Sanders, A, ...
& Hamline, M. Y. (2022). Enhancing the Implementation of the Virtual Pediatric
Trauma Center Using Practical, Robust, Implementation and Sustainability Model: A
Mixed-Methods Study. Telemedicine Reports, 3(1), 137-148.

Alhadhoud, M. A., & Alsiri, N. F. (2022). The epidemiology of traumatic
musculoskeletal injuries in Kuwait: Prevalence and associated risk factors. Journal of
Taibah University Medical Sciences.

Goh, A. X. C,, Yeo, J. W., Gao, J. F., Ong, M. E. H., Chong, S. L., Siddiqui, F. J., &
Ho, A. F. W. (2022). Comparative efficacy of anaesthetic methods for closed reduction
of paediatric forearm fractures: a systematic review. Emergency Medicine Journal.
Korup, L. R., Larsen, P., Nanthan, K. R., Arildsen, M., Warming, N., Sgrensen, S., ... &
Elsoe, R. (2022). Children’s distal forearm fractures: a population-based epidemiology
study of 4,316 fractures. Bone & joint open, 3(6), 448-454.

Snelling, P. J., Jones, P., Moore, M., Gimpel, P., Rogers, R., Liew, K., ... & Keijzers, G.
(2022). Describing the learning curve of novices for the diagnosis of paediatric distal
forearm fractures using point- of- care ultrasound. Australasian Journal of Ultrasound
in Medicine.

Roth, K. C., van Es, E. M., Kraan, G. A., Verhaar, J. A., Stockmans, F., & Colaris, J.
W. (2022). Outcomes of 3-D corrective osteotomies for paediatric malunited both-bone
forearm fractures. Journal of Hand Surgery (European VVolume), 47(2), 164-171.

Yadav, P., Phalak, M. O., Patel, S., Chaudhari, T., Nair, A., & Gurnani, S. (2022).
Functional Outcome of Closed Reduction and Extension Casting in Forearm Fractures
in Children. Cureus, 14(2).

Hefny, A. S. M., Elsayed, M. H., Metwally, O. M., & Ahmed, E. M. M. (2022).
Evaluation of Outcome of Percutaneous K-wires Fixation of Pediatric Both Bone
Forearm Fractures. The Egyptian Journal of Hospital Medicine, 86(1), 586-592.
Franceschi, R., Radetti, G., Soffiati, M., & Maines, E. (2022). Forearm Fractures in
Overweight—Obese Children and Adolescents: A Matter of Bone Density, Bone
Geometry or Body Composition?. Calcified tissue international, 1-9.

1698



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 09, Issue 01, 2022

Korup, L. R., Larsen, P., Nanthan, K. R., Arildsen, M., Warming, N., Sgrensen, S, ... &
Elsoe, R. (2022). Children’s distal forearm fractures: a population-based epidemiology
study of 4,316 fractures. Bone & joint open, 3(6), 448-454.

Snelling, P. J., Jones, P., Moore, M., Gimpel, P., Rogers, R., Liew, K., ... & Keijzers, G.
(2022). Describing the learning curve of novices for the diagnosis of paediatric distal
forearm fractures using point- of- care ultrasound. Australasian Journal of Ultrasound
in Medicine.

Roth, K. C., van Es, E. M., Kraan, G. A., Verhaar, J. A., Stockmans, F., & Colaris, J.
W. (2022). Outcomes of 3-D corrective osteotomies for paediatric malunited both-bone
forearm fractures. Journal of Hand Surgery (European VVolume), 47(2), 164-171.
Ploegmakers, J. J., & Verheyen, C. C. (2006). Acceptance of angulation in the non-
operative treatment of paediatric forearm fractures. Journal of Pediatric Orthopaedics B,
15(6), 428-432.

Monga, P., Raghupathy, A., & Courtman, N. H. (2010). Factors affecting
remanipulation in paediatric forearm fractures. Journal of Pediatric Orthopaedics B,
19(2), 181-187.

Cumming, D., Mfula, N., & Jones, J. W. M. (2008). Paediatric forearm fractures: the
increasing use of elastic stable intra-medullary nails. International orthopaedics, 32(3),
421-423.

Pretell Mazzini, J., & Rodriguez Martin, J. (2010). Paediatric forearm and distal radius
fractures: risk factors and re-displacement—role of casting indices. International
orthopaedics, 34(3), 407-412.

Curkovi¢, S., Antabak, A., Haluzan, D., Lueti¢, T., Prli¢, 1., & Sigko, J. (2015). Medical
thermography (digital infrared thermal imaging—DIT]I) in paediatric forearm fractures—
A pilot study. Injury, 46, S36-S39.

Bell, S. W., McLaughlin, D., & Huntley, J. S. (2012). Paediatric forearm fractures in the
west of Scotland. Scottish medical journal, 57(3), 139-143.

Teoh, K. H., Chee, Y. H., Shortt, N., Wilkinson, G., & Porter, D. E. (2009). An age-and
sex-matched comparative study on both-bone diaphyseal paediatric forearm fracture.
Journal of children's orthopaedics, 3(5), 367-373.

Wong, C. E. Y., Ang, A. S. Y., & Ng, K. C. (2008). Ultrasound as an aid for reduction
of paediatric forearm fractures. International journal of emergency medicine, 1(4), 267-
271.

1699



