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Abstract

Aim: This study aimed to evaluate the effects of parental socioeconomic status, including education and
occupation levels, on bone healing and functional recovery in pediatric both-bone forearm fractures treated with
titanium elastic nailing.

Methods: A retrospective analysis was conducted on 84 pediatric patients (55 males, 29 females; mean age 9.7 +
2.2 years) who underwent titanium elastic nailing fixation for both-bone forearm fractures between November
2022 and August 2024. Patients with open, pathological, or multiple fractures were excluded. Socioeconomic
status was determined using a modified Hollingshead Index based on parental education and occupation. Clinical
outcomes were assessed using Price criteria and goniometric measurements of elbow and wrist range of motion.
Statistical analyses included the Mann-Whitney U, Kruskal-Wallis, and Spearman correlation tests.

Results: All fractures achieved union, and no major complications such as nonunion or refracture were observed.
Seven patients (8.3%) developed minor superficial wound infections, which resolved with conservative treatment.
According to Price criteria, 52.4% of patients had excellent, 39.3% good, and 8.3% fair results. Higher
socioeconomic levels were significantly correlated with better Price scores (p = 0.001) and decreased elbow
extension loss (p = 0.007). There was no significant correlation between socioeconomic status and wrist flexion/
extension, elbow flexion range of motion.

Conclusions: Higher parental socioeconomic status was associated with improved functional recovery, particularly
in forearm rotation and elbow extension, following titanium elastic nailing fixation of pediatric forearm fractures.
Emphasizing the importance of postoperative rehabilitation among families with lower socioeconomic levels may

help prevent residual joint limitations.
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Upper extremity fractures are among the most common injuries
in children 1. Among these, forearm fractures involving both bones
account for approximately 5% of all pediatric fractures, whereas
their prevalence in the general population is reported to be 2.9% 1.2,
These injuries occur more frequently in boys and are usually caused
by falls on an outstretched hand involving a rotational mechanism
34, Forearm fractures are most frequently observed in school-aged
children but also occur relatively often in preschool-aged children 5.

Although acceptable degrees of reduction vary according to age
and sex, surgical intervention should be considered in cases with
angulation greater than 15° or rotation exceeding 30° as the
remodeling capacity significantly decreases after the age of 10 6.
Elastic intramedullary nailing has become the preferred surgical
method because it can be performed through small incisions and
provides favorable union rates, shorter operative times, and
reduced hospital stays 3738.
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Several studies have examined the effects of socioeconomic
status on pediatric fractures 911 Previous research has also
investigated the influence of factors such as treatment modality,
psychological effects, pain management, time to treatment, and
post-discharge care in relation to race, insurance type, and
geographic region 12-14. However, most existing studies have
focused on supracondylar humerus and femoral fractures or have
been designed to include all pediatric fracture types 15-17. The
literature remains limited regarding the impact of parental
socioeconomic status on the outcomes of forearm fractures treated
with titanium elastic nails (TEN).

Therefore, the present study aimed to investigate the effects of
parental education level, occupation, and income on mobility
limitation and fracture union in pediatric patients with forearm
fractures treated using titanium elastic nailing.
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This retrospective study was conducted with the approval of the
institutional ethics committee (approval no: AESH-BADEK1-2025-
419). Itincluded pediatric patients who underwent surgical fixation
using titanium elastic nails for both-bone forearm fractures
between November 2022 and August 2024. Only patients with at
least one year of postoperative follow-up and complete clinical and
radiographic data were included. Exclusion criteria comprised open
or pathological fractures, multiple extremity injuries, and fractures
managed conservatively with casting.

Acceptable alignment limits in pediatric forearm fractures vary
according to age. In children younger than 10 years, angulation up
to 15° and malrotation up to 45° are considered acceptable, whereas
in children aged 10 years and older, these limits decrease to less
than 10° of angulation and less than 30° of malrotation 8.

Patient demographic data (age, sex, injured side, and follow-up
duration) and family socioeconomic variables were collected from
medical records and follow-up visits. Socioeconomic status (SES)
was determined using a modified Hollingshead Index of Social
Status, which incorporates education and occupation levels for both
parents. Education and occupation were each rated on a 0-4 scale
(no education/unemployed = 0; primary = 1; secondary/blue-collar
= 2; high school/white-collar = 3; university/professional = 4). The
combined scores defined four classes: 0-4 = Class I, 5-8 = Class II,
9-12 = Class III, 13-16 = Class IV. According to Turkish standards,
Classes I-II represented low to middle SES, whereas Classes 111-1V
represented high SES 19.

During the surgical procedure, the ulna was fixed in a retrograde
manner and the radius in an antegrade manner. Lister’s tubercle
was used as the entry point for the radius. The diameter of the
titanium elastic nail (TEN) was determined as 40% of the medullary
canal diameter measured on preoperative radiographs 6. (Figure 1)

Anteroposterior and lateral radiographs were obtained
preoperatively and at scheduled intervals 1, 2, 4, and 6 weeks and
at 3, 6, 12 months and the last outpatient follow-up postoperatively.
After surgery, all patients were immobilized in a short-arm splint
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for two weeks. After removal of the splint, elbow and wrist range of
motion exercises were initiated in all patients in the same manner.
During follow-up, passive range of motion (ROM) of the elbow and

wrist joints (flexion-extension, pronation-supination) was
measured with a standard goniometer by the same orthopedic
surgeon.

Additionally, postoperative complications including

compartment syndrome, superficial or deep infection, refracture,
nonunion, delayed union, malalignment, synostosis, and loss of
reduction were evaluated during the follow-up period. Final
outcomes were graded as excellent, good, fair, or poor according to
the clinical criteria described by Price et al. 20. Excellent outcome
was defined as a loss of less than 15 degrees of forearm rotation
with no complaints during strenuous activities. Good outcome
corresponded to a 15-30 degree rotation loss with mild complaints
during strenuous activity. Moderate outcome was characterized by
a30-90 degree loss of forearm rotation with mild complaints during
daily activities. Poor outcome included a loss of more than 90
degrees of forearm rotation or any other outcome that did not meet
the criteria mentioned above. (Figure 2) Implant removal was
performed no earlier than 6 months postoperatively.

Price’s criteria

Outeeme Lauss of forearm rotation (°) Symptoms
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A. Preoperative anteroposterior radiograph, B. Preoperative lateral radiograph, C. Postoperative anteroposterior radiograph demonstrating
bone union, D. Postoperative lateral radiograph demonstrating bone union, E. Anteroposterior radiograph obtained after TEN removal, F.

Lateral radiograph obtained after TEN removal
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Demographic characteristics of the study cohort

Study cohort
(n=84)
Age (years)
Mean * SD 9.7 +2.2
Median (min-max) 9.0 (6 - 14)
Side (%)
Right 52 (61.9%)
Left 34 (38.1 %)
Sex
Male 55 (65.5 %)
Female 29 (34.5%)
Follow-up period (months)
Mean * SD 31.1+£7.0
Median (min-max) 32.3(14.7-45.1)
Complications
Yes 7 (8.3%)
No 77 (91.7%)

Range of motion and socioeconomic status-related data of the study
cohort

Study cohort
(n=84)

Elbow range of motion (°)

Extension

Flexion 08£3.5
1429+ 6.2

Wrist range of motion (°)

Extension

Flexion 81.3+4.6
87.5+23

Hollingshead Index

1 (Low) 34 (40.5%)

2 (Middle) 23 (27.4%)

3 (High) 27 (32.1%)

Price's Criteria

1 (Poor) 0 (0.0%)

2 (Fair) 7 (8.3%)

3 (Good) 33 (39.3%)

4 (Excellent) 44 (52.4%)

Correlation analysis between the Hollingshead index and the study
variables

Spearman’s rank

correlation coefficient p-value*
Elbow extension -0.294 0.007
Elbow flexion 0.183 0.095
Wrist extansion 0.161 0.144
Wrist flexion 0.112 0.312
Price criteria 0.352 0.001
Complication -0.169 0.123
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All statistical analyses were performed using SPSS version 22.0
(IBM Corp., Armonk, NY, USA). Continuous variables were
expressed as means * standard deviations and categorical data as
frequencies and percentages. Normality of data distribution was
evaluated using the Shapiro-Wilk test. Since the data were non-
normally distributed, nonparametric tests were applied.
Comparisons between two groups used the Mann-Whitney U test,
while multiple groups were analyzed with the Kruskal-Wallis test.
Categorical variables were compared using Pearson’s chi-square or
Fisher’s exact test, depending on cell size.

Correlations between the Hollingshead Index and clinical
outcomes (ROM values, Price scores, and complication rates) were
assessed using Spearman’s rank correlation coefficient (p). A p-
value <0.05 was regarded as statistically significant. A post-hoc
power analysis was performed for the primary correlation analyses
using the observed effect sizes and a two-tailed alpha level of 0.05.

A total of 84 patients with complete data and follow-up were
included in the study. Of these, 55 (65.5%) were male and 29
(34.5%) were female. The operated side was the right in 52 patients
(61.9%) and the left in 32 patients (38.1%). The mean age of the
cohort was 9.7 + 2.2 years, and the mean follow-up duration was
31.1 £ 7.0 months. (Table 1)

During  postoperative  follow-up, superficial = wound
complications developed in 7 patients (8.3%), whereas no
complications were observed in 77 patients (91.7%). No major
complications occurred other than superficial wound infections, all
of which resolved with oral antibiotics and simple wound care.
Radiographic union was achieved in all fractures.

At the final follow-up, the mean elbow extension was 0.8 £3.5,
and flexion was 142.9 * 6.2°. Mean wrist extension and flexion were
81.3 +4.6° and 87.5 * 2.3, respectively (Table 2). A significant
negative correlation was found between the Hollingshead Index and
elbow extension (p = 0.007), indicating that loss of extension
decreased as socioeconomic status increased. (Table 2) Post-hoc
power analysis demonstrated a power of 0.92 for the correlation
between the Hollingshead Index and the Price criteria (r = 0.352, p
= 0.001) and a power of 0.80 for the correlation between the
Hollingshead Index and elbow extension loss (r =-0.294, p=0.007).

When family socioeconomic status was classified according to
the Hollingshead Index, 34 patients (40.5%) were in Group 1 (low),
23 (27.4%) in Group 2 (middle), and 27 (32.1%) in Group 3 (high).
(Table 2)

According to the Price criteria, 44 patients (52.4%) had excellent
outcomes, 33 (39.3%) were rated as good, and 7 (8.3%) as fair; no
patient was rated as poor. (Table 2) A significant positive
correlation was found between the Hollingshead Index and the Price
criteria (p = 0.001), indicating that functional outcomes, including
forearm supination and pronation, improved with higher
socioeconomic status. No significant correlations were found for
elbow flexion or wrist flexion/extension. (Table 3)

The most important finding of this study was that, in pediatric
patients undergoing titanium elastic nailing (TEN) for forearm
fractures, supination, pronation, and elbow extension improved
with increasing socioeconomic status. No significant differences
were observed in elbow flexion or wrist joint flexion and extension.

The titanium elastic nailing (TEN) technique is an increasingly
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popular method for the surgical management of pediatric forearm
fractures, offering the advantages of a short operative time and a
small incision 67. Complication rates ranging from 17% to 42% have
been reported following fixation with titanium elastic nails (TEN) 21.
These complications include surgical site infection, skin irritation,
nonunion, refracture, bursitis, synostosis, and extensor tendon
injury 2224, Implant removal is generally recommended after 6
months, as earlier removal may increase the risk of refracture 25. We
believe that the absence of extensor tendon injury and skin
irritation in our patients was attributable to the careful
determination of the TEN length protruding outside the bone.

Various methods have been used to determine socioeconomic
status, including the postal code of the family’s residence, family
income, type of health insurance, parental education level, and
occupation 2627, The Hollingshead Index, which evaluates parental
education and occupation to determine socioeconomic status, was
used in this study. However, some studies in the literature have
suggested that direct parental income may serve as a better
predictor of socioeconomic status 2728, However, because
information regarding parental income could not be reliably
obtained, the Hollingshead Index was used instead and was found
to be effective 27-30,

Socioeconomic factors influence children’s behavioral and
cognitive development as well as their overall health status 3132, It
has also been reported that a low socioeconomic status affects the
time to hospital admission, duration of surgery, and postoperative
follow-up 12. Landau et al. 33 reported no significant differences in
the rates of complications such as postoperative infection,
compartment syndrome, and readmission between insurance types
in pediatric tibial and forearm fractures. Heath et al. 26 reported that
as socioeconomic status decreased, the number of physician visits
declined and fracture union was adversely affected. Another study
on pediatric femoral fractures reported that lower socioeconomic
status was associated with delays in surgery 34. In a study on
supracondylar humerus fractures, it was reported that surgical
intervention was more frequently performed in patients with
private insurance and those of white race 16. Studies such as these
demonstrate that, despite good intentions, inequalities persist in
healthcare practices. Shenoy et al. 12 reported in their review that
lower socioeconomic status was associated with fewer
postoperative follow-up visits. While postoperative compliance is
multifactorial, both child and family adherence to rehabilitation
were shown to be influenced by socioeconomic status.

The retrospective design of this study, the relatively small
sample size, and the limited postoperative follow-up represent its
main limitations. However, unlike previous studies that primarily
focused on socioeconomic status, the present study emphasizes
mobility limitations and functional outcomes in pediatric forearm
fractures—a topic with limited representation in the existing
literature. We believe that studies with larger sample sizes and
prospective designs would provide stronger evidence and
contribute more substantially to the literature.

Emphasizing the importance of postoperative rehabilitation
among families with low socioeconomic status could play a key role
in preventing joint motion limitations after both-bone forearm
fractures.

This retrospective study was conducted with the approval of the
institutional ethics committee (approval no: AESH-BADEK1-2025-
419).
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