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ABSTRACT

Objective: This study aimed to determine the prevalence and outcomes of delayed fracture presentation in Iraq children and to identify
predictors of delay, with a novel focus on the compounding effects of geography, referral pathways, and displacement status.

Methods: This retrospective, multicenter cohort study was conducted at three pediatric orthopedic referral centers in Iraq (Baghdad,
Najaf, Mosul) from 2019-2024. 858 children (<16 years) with acute long bone fractures were included. The primary exposure was delayed
presentation (=7 days after injury). Multivariable logistic regression was used to identify predictors. Interaction (cascade of vulnerability)
and stratified analyses were performed to assess the combined effects of barriers and the modifying role of displacement status (internally
displaced person [IDP] vs. non-displaced).

Results: Delayed presentation occurred in 36.0% (n=309) of children. After adjusting for confounders, including operative vs. non-
operative treatment, delay remained independently associated with significantly higher odds of malunion (AOR 3.20), nonunion (AOR
2.65), reoperation (AOR 2.45), and functional limitation (AOR 3.15). A synergistic “cascade of vulnerability” was observed: rural children
who were referred had nearly six-fold higher odds of delay compared to urban, directly presenting children (AOR 5.9, 95% CI 4.0-8.7).
Displacement status was a significant effect modifier; while rural residence strongly predicted delay in non-displaced children, this asso-
ciation vanished for IDPs, where referral inefficiency became the sole dominant barrier regardless of location. Among non-displaced
children, both rural residence (AOR 2.7) and referral (AOR 2.1) were strong predictors. For IDPs, rural residence was no longer significant
(P=.36), while referral from another facility emerged as the dominant barrier (AOR 3.4, 95% CI 1.5-7.7).

Conclusion: In Iraq, delayed treatment for children’s fractures is a common and serious issue strongly associated with systemic healthcare
vulnerabilities and humanitarian challenges. Children in rural areas and those who are internally displaced are particularly at risk. For
displaced children, difficulties navigating the healthcare system represent a more prominent risk factor than geographic distance. The
findings highlight a need to strengthen the health system and provide tailored support for displaced populations to ensure all children

receive timely care for fractures.

Level of Evidence: Level III, Prognostic Study.

Introduction

Musculoskeletal injuries constitute a leading cause of
global morbidity in children, with fractures account-
ing for up to 25% of pediatric injuries."* Although
pediatric fractures generally have excellent outcomes
with prompt treatment, delay is a well-established
determinant of complications, including malunion,
nonunion, infection, chronic disability, and the need
for secondary operations.*®

In high-income countries, delays are typically mea-
sured in hours. Conversely, in low- and middle-income
countries (LMICs), the primary challenge is the initial
delay in reaching a specialized center. Literature from
Malawi, Ethiopia, and Tanzania has utilized the 3
delays model to illustrate how rural residence, socio-
economic inequality, and inefficient referral systems
prevent timely care.**

Iraq presents a distinct, complex challenge. Decades
of conflict have fragmented the medical sector and

damaged infrastructure. This is compounded by a
massive population of internally displaced persons
(IDPs), with over a million Iraqis currently displaced.™
Internally displaced persons lose continuity of care
with familiar practitioners and strain referral chan-
nels in host communities. There is a significant gap
in the literature regarding how forced displacement
influences the risk of delayed fracture presentation in
post-conflict eras. Furthermore, no prior analysis in
LMIC literature has quantified the cumulative, syner-
gistic risk resulting from combined geographical and
systems-level barriers.

This study aimed to (1) determine the prevalence and
clinical consequences of delayed presentation among
pediatric fracture patients in Iraq; (2) identify demo-
graphic, injury-related, and system-level predictors
of delay; (3) examine the interaction between rural
residence and referral pathways as a cascade of vul-
nerability; and (4) assess whether displacement (IDP
status) acts as an effect modifier that alters the risk
pathways for delay.
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Material and methods

Study design and setting

This retrospective, multicenter comparative cohort study was con-
ducted in Iraq, a post-conflict nation with significant disparities in
access to specialized care. Three major pediatric orthopedic refer-
ral centers were chosen to represent different geographic regions:
Baghdad (central/capital), Najaf (southern), and Mosul (northern).
These tertiary facilities serve as primary receiving centers for com-
plex trauma from vast urban and rural catchment areas, as well as
IDP camps.

All relevant patient records from the orthopedic departments of the
3 participating hospitals were reviewed. The study period encom-
passed 6 full years, including all pediatric patients with qualifying
fractures admitted between January 1, 2019 and December 31, 2024.

Ethical considerations and consent

The study protocol was reviewed and approved by the Research
Ethics Committee of the University of Baghdad and Iraqi Ministry of
Health (Approval no. 9/34/117 on August 22, 2017). Given the retro-
spective nature of the study using de-identified patient data, a waiver
of informed consent was granted by the Ethics Committee.

Study population

The study included children under 16 years of age admitted to par-
ticipating hospitals between January 1, 2019 and December 31, 2024,
with radiologically confirmed, acute traumatic long bone fractures
(humerus, radius/ulna, femur, or tibia/fibula). Eligibility required
clear documentation of the date of injury and the date of the first
orthopedic consultation. To ensure the validity of the clinical out-
comes analysis (e.g., union, malunion, nonunion, and functional limi-
tations), a minimum postoperative/post-treatment follow-up period of
6 months was required for inclusion in the final cohort. Exclusion
criteria included pathologic fractures, suspected abuse, significant
polytrauma (Injury Severity Score >15), or concurrent injuries requir-
ing intensive care to minimize confounding by life-threatening sever-
ity. Moreover, excluded patients primarily lacked documented dates
of injury or lacked the minimum 6-month follow-up records required
for outcome analysis.

Data collection procedures

A standardized data extraction form was employed at each of the 3
sites. Data extraction involved a review of the hospital’s electronic
health records, the surgery reports, as well as the picture archiving
and communication system. This system enables a review of radiol-
ogy images used in any medical facility. Data extraction also involved
a review of the medical history of the patients. A sample of the data
(10%) was validated by the lead investigator. Patient confidentiality
is ensured through the use of a code name in place of a name in data
analysis.

+  Delayed presentation (=7 days) occurred in 36.0% of pediatric fracture cases
in Iraq and is independently associated with significantly higher odds of mal-
union, nonunion, reoperation, and functional limitations.

Geographic and systemic barriers interact multiplicatively, with rural children
requiring facility referral facing a nearly 6-fold higher risk of delay compared
to urban, direct presenters.

Internally displaced person status acts as a crucial effect modifier; for dis-
placed children, navigating referral pathways is the dominant barrier to timely
care, outweighing the influence of rural residence.

Study variables

Presentation status, measured from injury to first orthopedic visit/
attendance, was the primary exposure factor considered in this
analysis. This was a divided factor with values grouped into timely
(presented within less than 7 days of injury) and delayed presenta-
tion for those that presented in excess of 7 days of injury. Patient
demographic variables included age, gender, place of residence (dis-
tinguished according to the documented address of the individuals’
homes as either urban vs. rural), as well as IDP vs. non-displaced indi-
viduals. Systemic/injury variables involved source of referral (directly
vs. referred), type of fractured bone (humerus, radial/ulnar, femur,
tibia/fibula), fracture classification (open vs. closed), treatment type
(operative vs. non-operative) as well as injury mechanism. Lastly, the
variables involving results of treatment involved time taken to heal in
weeks, as well as the incidence of malunion, nonunion, reoperation,
and functional limitation at final follow-up.

Operational definitions
To ensure consistency across study sites, the following operational
definitions were applied:

* Delayed presentation: It is defined as a period of 7 days or more
between the time of injury and the time of the initial visit to a col-
laborating orthopedic service. This time frame was chosen for rea-
sons of clinical importance in keeping with the current literature
on fractures in low- and middle-income countries.”®

+ Timely presentation: It is defined as an interval of less than 7 days
between the date of injury and the first orthopedic consultation.

* Union: A union is defined by both clinical and radiographic
parameters: the absence of tenderness at the fracture site and the
presence of bridging callus across at least 3 out of 4 cortices on
orthogonal plain radiographs (analogous to the threshold criteria
of validated systems such as the Radiographic Union Score).!!!*

+ Time to union: Itis calculated as the time in weeks from the date of
the final treatment to the date when union first occurred.

* Malunion: It is defined as fracture healing in a position of non-ana-
tomic alignment exceeding the acceptable remodeling potential
for the child’s age and the specific bone involved. While baseline
radiographic thresholds were used to flag potential deformities
(e.g., angulation >10° for diaphyseal fractures, >15° for metaphyseal
fractures, or limb length discrepancy >1.5 cm), these parameters
were individually adjusted based on standard pediatric orthopedic
remodeling guidelines. Only deformities exceeding these age- and
joint-specific biological tolerances, or those requiring corrective
intervention, were classified as true malunions.!**

* Nonunion: It is defined as the absence of both radiographic and
clinical signs of healing at 6 months after the initial injury.

» Reoperation: It is defined as any secondary surgical procedure per-
formed after the index treatment to address a complication related
to the same fracture, including but not limited to revision fixation,
bone grafting, or corrective osteotomy.

+ Functional limitation: Itis defined as a documented deficit recorded
at the final follow-up visit (minimum 6 months). To minimize
observer bias, this was stratified using strict clinical parameters:
Mild (range of motion [ROM] loss <20° or subjective stiffness with-
out gait deviation) and moderate-to-severe (ROM loss =20°, persis-
tent antalgic gait, or inability to return to pre-injury activities).

« Treatment type: It is categorized as operative (requiring surgical
intervention such as internal or external fixation, or debridement)
or non-operative (managed conservatively with closed reduction,
casting, or splinting), to allow for adjustment of confounding by
indication in the clinical outcomes model.
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* Residence: The patient’s residence is categorized as either urban
or rural based on the home address recorded in the medical chart,
according to Iraq’s official administrative definitions. Under these
guidelines, urban areas are defined as formal municipalities with
established civic/health infrastructure and populations exceed-
ing 20 000, whereas rural areas encompass outlying agricultural
or sparsely populated settlements lacking centralized municipal
administration.

 Displacement status: It is categorized as IDP if the patient’s records
explicitly identified them as an IDP or listed their residence as a
displacement camp or temporary shelter.

* Referral pathway: It is classified as direct if the patient first pre-
sented to 1 of the 3 study hospitals, or as referred if the patient
was initially evaluated at a local clinic, district hospital, or another
facility before being sent to the study hospital.

* Cascade of vulnerability: It is a four-level interaction term combin-
ing residence (urban/rural) and referral pathway (direct/referred)
as defined above.

+ Internally displaced person effect modification: It is defined as pre-
specified stratification of all main analyses by displacement status
(IDP vs. non-displaced) to assess effect modification.

Statistical analysis

Data were analyzed using SPSS, version 28.0. Categorical variables
were compared using chi-square or Fisher’s exact tests; continuous
variables were compared using independent samples t-tests. Binary
logistic regression identified predictors of delay. To minimize the risk
of omitting important confounding variables that may only demon-
strate significance in the presence of other factors, a conventional
screening threshold of P < .1 in the univariate analysis was used for
inclusion in the final multivariable model.*®

To investigate combined effects, a cascade of vulnerability analysis
used a 4-level composite variable (urban-direct, urban-referred, rural-
direct, and rural-referred). Finally, a stratified subgroup analysis was
performed to determine if predictors of delay differed between IDP
and non-displaced populations.

To assess potential selection bias, a sensitivity analysis was performed
comparing the baseline demographic characteristics of patients
excluded due to incomplete follow-up vs. those included in the final
analysis. Differences were assessed using independent samples t-tests
and chi-square tests.

Results

Of 1225 screened records, 858 met inclusion criteria. A sensitivity
analysis comparing excluded patients (due to incomplete data) with
the final cohort showed no significant differences in age, gender, resi-
dence, or IDP status (Supplementary Table 1). While baseline demo-
graphic comparisons (Supplementary Table 1) showed no significant
differences, it cannot be definitively ruled out that missingness was
related to unmeasured factors, such as injury severity.

Overall, 36.0% (n=309) of children presented with a delay of =7 days.
The mean age was 9.2 years, with a male predominance (64.1%).

Significant demographic differences existed between timely and
delayed groups (Table 1). The delayed group had a higher proportion
of rural residents (52.1% vs. 21.5%, P < .001) and patients referred
from other facilities (68.0% vs. 18.2%, P < .001). Internally displaced

persons were significantly overrepresented in the delayed group
(19.7% vs. 10.2%, P < .001).

Regarding injury mechanism, falls were more common in the
delayed group (62.1%), while road traffic accidents (RTAs) were more
common in the timely group (P < .001). Lower limb fractures were
associated with higher delay rates (57.0% in the delayed group vs.
44.8% in timely). Interestingly, open fractures were more prevalent in
the delayed group (12.6% vs. 6.4%, P=.002), likely reflecting referral
complexities.

Regarding fracture management, 38.1% of the overall cohort required
operative intervention. Operative rates were notably higher in the
delayed presentation group compared to the timely group (52.1%
vs. 30.2%, P < .001), further highlighting the complexity of cases
that undergo prolonged referral pathways or fail initial conservative
management.

Delayed presentation was independently associated with adverse
outcomes (Table 2). Mean time to union was significantly longer in
the delayed group (11.0 vs. 8.8 weeks, P < .001). After adjusting for
confounders, delayed presentation remained a significant indepen-
dent predictor of adverse outcomes. Specifically, it increased the
odds of malunion (adjusted odds ratio (AOR): 3.20), nonunion (AOR:
2.65), reoperation (AOR: 2.45), surgical site infection (AOR: 2.05), and
functional limitation (AOR: 3.15). The mean follow-up duration for
the entire cohort was 14.2 months, with no significant difference
between the timely (13.9 months) and delayed (14.6 months, P=.18)
groups.

In the adjusted model (Table 3), the strongest predictors of delay were
referral status (AOR: 4.12, 95% CI: 3.10-5.47) and rural residence
(AOR: 3.45, 95% CI 2.59-4.60).

Femur and tibia/fibula fractures had lower odds of delay compared
to humerus fractures (AOR: 0.55 and 0.70, respectively). Notably,
after adjustment, IDP status and mechanism of injury were no
longer significant in the overall model, prompting the stratified
analysis.

While lower limb fractures were frequently delayed in the unadjusted
cohort (Table 1), they demonstrated lower odds of delay in the mul-
tivariable model (Table 3). This shift is likely due to confounding by
referral status, because complex femur and tibia fractures are heavily
referred, the referral variable absorbs the variance for delay, altering
the independent predictive weight of the fracture site.

To explore the combined effect of geography and referral status, an
interaction variable with 4 categories was created: urban-direct,
urban-referred, rural-direct, and rural-referred. As shown in Table 4,
both rural residence and referral independently increased the odds
of delayed presentation. Children from urban areas who presented
directly had the lowest delay rate (23.9%). Delay was more frequent
among urban children who were referred (33.2%, AOR: 1.5; 95% CIL:
1.0-2.2) and rural children who presented directly (30.5%, AOR: 1.3;
95% CI: 0.9-2.0). The highest risk was observed among rural children
who were referred, of whom 67.9% presented late, with nearly 6-fold
higher adjusted odds of delay compared to the reference group (AOR:
5.9; 95% CI: 4.0-8.7, P < .001). This clear dose-response effect dem-
onstrates a cascade of vulnerability, where geographic and systemic
barriers act synergistically to magnify disadvantage.
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Table 1. Baseline demographics and injury characteristics of the study (N=858)

Characteristic All patients (N=858) Timely (<7 days) (n=549, 64%) Delayed (=7 days) (n=309, 36%) P
Age (years), mean (SD) 9.2 (3.4) 8.1(3.5) 9.4 (3.9) 21
Sex, n (%)
Male 550 (64.1) 354 (64.5) 196 (63.4) 71
Female 308 (35.9) 195 (35.5) 113 (36.6)
Residence, n (%)
Urban 579 (67.5) 431 (78.5) 148 (47.9) <.001
Rural 279 (32.5) 118 (21.5) 161 (52.1)
Referral source, n (%)
Direct presentation 548 (63.9) 449 (81.8) 99 (32.0) <.001
Referred from another facility 310 (36.1) 100 (18.2) 210 (68.0)
Displacement status, n (%)
IDP 117 (13.6) 56 (10.2) 61 (19.7) <.001
Non-displaced 741 (86.4) 493 (89.8) 248 (80.3)
Fractured bone, n (%)
Humerus 240 (28.0) 153 (27.9) 87 (28.2) .88
Radius/ulna 326 (38.0) 212 (38.6) 114 (36.9)
Femur 155 (18.1) 98 (17.9) 57 (18.4)
Tibia/fibula 137 (15.9) 86 (15.7) 51 (16.5)
Mechanism of injury, n (%)
Fall 452 (52.7) 260 (47.4) 192 (62.1) <.001
RTAs 260 (30.3) 195 (35.5) 65 (21.0)
Sports injury 94 (11.0) 65 (11.8) 29(9.4)
Conflict-related/blast/firearm 52 (6.1) 29 (5.3) 23 (7.4)
Fracture site, n (%)
Upper limb (humerus, radius/ulna) 436 (50.8) 303 (55.2) 133 (43.0) .002
Lower limb (femur, tibia/fibula) 422 (49.2) 246 (44.8) 176 (57.0)
Fracture type, n (%)
Closed 784 (91.4) 514 (93.6) 270 (87.4) .002
Open 74 (8.6) 35 (6.4) 39 (12.6)
Treatment type, n (%)
Operative 327 (38.1) 166 (30.2) 161 (52.1) <.001
Non-operative 531 (61.9) 383 (69.8) 148 (47.9)

Bolded P-value represent significance at < .05.
IDP, internally displaced person; RTAs, road traffic accidents.

Given the specific context of conflict in Iraq, displacement status
(internally displaced persons, IDPs) was investigated as a potential
moderator of predictors of delay. It was found that there are differ-
ences in risk for each cohort as outlined in Table 5.

For the group of children with no displacement (n=741), both geo-
graphical factors as well as overall factors contributed to delay. Rural
place of residence increased the risk of delay in presentation by a
factor of 2.7 (AOR: 2.7, 95% CI=1.9-3.8), as well as those presented
from another facility by a factor of 2.1 (AOR: 2.1, 95% CI=1.5-3.0).
Furthermore, specific injury characteristics were significant pre-
dictors in this group; in contrast to the overall cohort, lower-limb

fractures were associated with a higher likelihood of delay among
the non-displaced (AOR: 1.7), as were fractures resulting from falls
(AOR: 1.6, vs. RTAs).

A notably different pattern of predictors emerged for the IDP cohort
(N=117). For these children, the geographic influence of a rural resi-
dence was no longer a statistically significant factor (AOR: 1.3, P=.36).
Instead, the primary barrier was systemic and logistical. Referral from
another facility was the most powerful predictor, increasing the odds
of delay by 3.4 times (AOR: 3.4, 95% CI: 1.5-7.7). Similar to the non-
displaced group, lower-limb fractures (AOR: 2.1) and falls (AOR: 2.0)
were also associated with higher odds of delay among IDPs.

Table 2. Comparison of clinical outcomes between timely and delayed presentation groups

Outcome Timely (<7 days) (N=549) Delayed (=7 days) (N=309) Crude OR (95% CI) Adjusted OR (95% CI)* pr*

Follow-up duration (months), mean + SD 13.9+3.4 14.6 £ 3.9 — — .18

Union time (weeks), mean + SD 8.8+3.2 11.0 £ 4.2 - - <.001
Malunion, n (%) 28 (5.1) 57 (18.4) 4.10 (2.58-6.51) 3.20 (1.85-5.50) <001
Nonunion, n (%) 8 (1.5) 15 (4.9) 3.42 (1.44-8.11) 2.65 (1.10-6.30) 028
Reoperation, n (%) 46 (8.4) 69 (22.3) 3.06 (2.06-4.54) 2.45 (1.55-3.80) <.001
Surgical site infection, n (%) 17 (3.1) 24 (7.8) 2.62(1.41-4.88) 2.05 (1.05-4.00) .035
Functional limitation, n (%) 23 (4.2) 47 (15.2) 4.01(2.41-6.67) 3.15 (1.80-5.40) <.001
Mild 15 (2.7) 29 (9.4) 3.79 (2.03-7.08) 2.95 (1.55-5.60) .002
Moderate to severe 8(1.5) 18 (5.8) 4.16 (1.81-9.57) 3.30 (1.45-7.50) .005

Bolded represent significant values.

OR, odds ratio; ROM, range of motion.

*Adjusted for age, gender, mechanism of injury, fracture site, and treatment type.
**P-value derived from the multivariable logistic regression model (significance at <.05).
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Table 3. Univariate and multivariate logistic regression analysis of predictors for delayed presentation (=7 days)

Univariate analysis

Multivariate analysis

Predictor COR 95% CI P AOR 95% CI P
Age (per year increase) 1.02 0.98-1.07 .35 — — —
Sex (female vs. male) 1.05 0.81-1.36 71 - - -
Residence (rural vs. urban) 4.85 3.72-6.32 <.001 3.45 2.59-4.60 <.001
Referral (ueferred vs. direct) 6.21 4.75-8.12 <.001 4.12 3.10-5.47 <.001
Displacement (IDP vs. non-displaced) 1.42 1.14-1.69 .046 1.29 0.81-1.47 57
Fractured bone (ref: humerus)
Radius/ulna 1.09 0.82-1.45 .55 - - -
Femur 0.59 0.42-0.83 .002 0.55 0.38-0.80 .002
Tibia/fibula 0.72 0.52-0.99 .045 0.70 0.50-0.98 .038
Mechanism of Injury (ref: fall)
RTAs 1.82 1.60-2.12 .002 0.88 0.64-1.21 43
Sports injury 0.91 0.65-1.28 .59 - - -
Conflict-related 1.35 0.88-2.07 17 — — —
Fracture site (lower vs. upper limb) 0.68 0.52-0.89 .005 0.65 0.48-0.88 .006
Fracture type (ref: closed)
Open fracture 2.15 1.35-3.42 .001 1.45 0.85-2.45 17
Reference groups: Multivariate model is adjusted for all univariate significant variables at P < .1 and considered significant at P < .05. Bolded represent significant values.
AOR, adjusted odds ratio; COR, crude odds ratio; IDP, internally displaced person; RTA; road traffic accidents.
Table 4. Interaction of residence and referral pathway (cascade of vulnerability)
Group Delayed presentation n (%) OR (95% CI) AOR (95% CI) P
Urban-direct (reference) 74/310 (23.9) 1.0 1.0 -
Urban-referred 64/193 (33.2) 1.6 (1.1-2.3) 1.5 (1.0-2.2) 045
Rural-direct 57/187 (30.5) 1.4 (1.0-2.1) 1.3 (0.9-2.0) 08
Rural-referred 114/168 (67.9) 6.7 (4.6-9.6) 5.9 (4.0-8.7) <.001

Bolded P-value represent significance at < .05.
AOR, adjusted odds ratio.

Discussion

To the best of current knowledge, this study represents the first mul-
ticenter analysis investigating the determinants and consequences of

Table 5. Stratified logistic regression by displacement status

AOR (95% CI) P
1.3 (0.9-1.8) 14

Predictor

Non-displaced Age =10 years

(n=741) Sex: Male 0.9(0.7-1.2) .48
Residence rural 2.7 (1.9-3.8) <.001
Referred from another facility 2.1(1.5-3.0) <.001
Radius/ulna (vs. humerus) 1.2 (0.8-1.9) .29
Femur (vs. humerus) 9 (1.2-3.0) .004
Tibia/fibula (vs. humerus) 1.6 (1.0-2.5) .049
Fall vs. RTA 6 (1.1-2.2) .008
Sports vs. RTA [0 6-1.7) .97
Conflict-related/blast/firearm vs. RTA 2 (0.7-2.0) 44
Lower-limb fracture vs. upper limb 7(1.2-2.4)  .004
Hospital site (Najaf vs. Baghdad) 1(0.8-1.7) .56
Hospital site (Mosul vs. Mosul) 4(0.9-2.1) .09

IDPs (n=117) Age =10 years 2 (0.6-2.4) .63
Sex male 1(0.6-2.0) 77
Residence rural [0 7-2.4) .36
Referred from another facility 4(1.5-7.7) .003
Radius/ulna (vs. humerus) [0 5-2.4) .80
Femur (vs. humerus) 3 (1.0-5.1) .048
Tibia/Fibula (vs. humerus) [O 9-4.1) .09
Fall vs. RTA 0(1.0-4.1) .048
Sports vs. RTA [0 5-3.1) .61
Conflict-related/blast/firearm vs RTA 6 (0.6-4.0) .29
Lower-limb fracture vs. upper limb 1(1.04.2) .041
Hospital site (Najaf vs. Baghdad) 0(0.4-2.5) .99
Hospital site (Mosul vs. Baghdad) 5 (0.6-3.6) .34

Bolded P-value represent significance at < .05.

delayed presentation for pediatric fractures in post-conflict in Iraq.
The findings reveal a critical public health challenge: 36% of children
experienced a delay of 1 week or more before receiving specialized
orthopedic care. This rate is substantially higher than in developed
nations, where delays are typically measured in hours (24-72 hours)
rather than days or weeks.* However, these findings align with the
broader narrative of trauma care in LMICs, where similar patterns
have been observed. For instance, in Malawi, 28% of musculoskel-
etal injuries presented after a week or more’and in Ethiopia, over
90% of open fractures failed to receive timely care due to systemic
bypasses and geographical hurdles.? The results suggest Iraq may face
similar structural vulnerabilities, which in similar LMIC contexts are
often characterized by inadequate staffing, ineffective triage, and
fragmented referral networks, consistent with barriers identified in
global systematic reviews of trauma systems.'**®

The clinical implications of these delays are profound. This study
establishes a clear association between delayed presentation and
adverse orthopedic sequelae, including a 3- to 4-fold increase in the
odds of malunion, nonunion, and functional limitation. This reflects
the pathophysiology of delay documented in international literature.
In India, for example, delayed fixation of pediatric femoral neck frac-
tures was strongly associated with avascular necrosis and nonunion,®
while US data indicates that infection risks in open fractures esca-
late precipitously with time.* The findings extend this evidence to
the Iraqi context, demonstrating that delays are not merely associated
with prolonged treatment, but are strongly correlated with degraded
functional outcomes, doubling the rate of moderate-to-severe limita-
tion compared to those treated timely.

To fully contextualize these delays, it is necessary to understand the
current healthcare infrastructure in post-conflict in Iraq. Pediatric
fracture care is primarily provided through a heavily strained public
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hospital system. While public care is theoretically free or heavily sub-
sidized by the government, severe shortages of specialized staff, sur-
gical implants, and basic supplies mean that families frequently bear
significant out-of-pocket costs to purchase their own medical materi-
als or arrange private transport. Furthermore, while a parallel private
healthcare sector exists, it is cost-prohibitive for the vast majority of
the population, particularly IDPs. Consequently, vulnerable patients
are forced to rely entirely on the fragmented public system, creating
severe referral bottlenecks and prolonged wait times at the few ter-
tiary centers capable of performing specialized pediatric orthopedic
interventions.

In the primary analysis, rural residence and referral from another
facility emerged as the strongest independent predictors of delay.
This dominance of the rural penalty is consistent with studies
from Malawi and Ethiopia, where distance, transportation costs,
and the scarcity of local specialized care act as primary barriers.”*
Furthermore, the strong association between referral status and delay
highlights a failure in the second delay phase (the time taken to reach
an appropriate facility), as described in the Three Delays Model.? In
Iraq, this suggests that precious time is wasted in substandard local
clinics or district hospitals that lack the capacity to manage complex
pediatric trauma."This inefficiency underscores a critical deficiency
in the trauma care loop, a factor previously identified as critical in
expert assessments of LMIC health systems."”

A novel contribution of this study is the statistical quantification of
the cascade of vulnerability through interaction analysis. It was found
that the relationship between geography and referral systems is not
merely additive but synergistic. While rural residence and referral
requirements are distinct risk factors,”® their combination creates a
multiplicative disadvantage: rural children requiring referral faced
nearly 6-fold higher odds of delay compared to their urban counter-
parts presenting directly. This dose-response effect suggests that the
most vulnerable children are those caught between geographic isola-
tion and a dysfunctional administrative system, magnifying their dis-
advantage exponentially. Perhaps the most critical finding regarding
the post-conflict context is the unique risk profile observed among
IDPs. While IDP status was a significant factor in univariate analysis,
stratified modeling revealed that displacement functions as a funda-
mental effect modifier. For non-displaced children, traditional geo-
graphic barriers (rurality) predicted delay. However, among IDPs, the
geographic gradient disappeared (P=.36), and referral inefficiency
became the sole dominant barrier (AOR: 3.4). This indicates that for
displaced families, the logistical chaos, administrative hurdles, and
lack of continuity of care associated with displacement supersede
physical distance. This aligns with WHO reports and other studies on
conflict-affected populations,'** suggesting that IDPs struggle to nav-
igate new healthcare environments without the support of familiar
practitioners or social networks. In this context, the referral system
acts as a bottleneck that affects urban and rural IDPs equally.

Finally, injury patterns provided insight into health-seeking behav-
iors. Fractures resulting from falls were significantly more likely to
be delayed than those from RTAs or conflict-related injuries. It was
hypothesized that this may reflect a lay perception of lower severity
in falls, which could lead families to initially postpone care or seek
traditional home remedies—a health-seeking behavior frequently
documented in similar LMIC settings.”Additionally, it was observed
that lower-limb fractures, particularly of the femur and tibia, were

associated with specific delay patterns. This parallels findings from
India and Ethiopia, where the difficulty of transporting a child with
a femur fracture contributes to increased travel time.>® Furthermore,
pediatric femur fractures often require complex management not
available at the district level,” necessitating transfers that further
prolong time to treatment. Interestingly, despite upper-limb fractures
often appearing less severe to families—potentially contributing to ini-
tial delays—they were associated with high complication rates in the
delayed group, emphasizing that “minor” injuries can lead to signifi-
cant morbidity if neglected.

This study has inherent limitations. As a retrospective cohort, the
“first delay” (time from injury to the decision to seek care) could not
be assessed. Furthermore, the exclusion of a considerable number
of patients due to missing injury dates or incomplete follow-up intro-
duces potential selection bias. Moreover, despite applying age- and
joint-specific pediatric remodeling guidelines to the definition of mal-
union, relying on retrospective interpretations of plain radiographs—
without uniform, prospective clinical assessments—may inherently
overestimate the true rate of clinically significant malunions.
Additionally, functional limitations were extracted from routine
chart documentation (such as subjective stiffness or range-of-motion
estimates) rather than validated, standardized patient-reported out-
come measures (e.g., PROMIS). This reliance on non-standardized
clinical notes introduces significant interobserver variability across
the 3 different centers. Lastly, the binary classification of urban vs.
rural residence may not fully capture the nuance of geographical bar-
riers across Iraq’s diverse terrain.

Delayed presentation of pediatric fractures in Iraq is a prevalent
public health issue. The findings identify a cascade of vulnerabil-
ity where rural residence and inefficient referral systems interact
to exponentially increase delays. Furthermore, displacement status
fundamentally alters these risk pathways, with IDPs facing systemic
barriers regardless of location. Addressing these delays requires tar-
geted interventions in referral networks and support for displaced
populations.
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Supplementary Table 1 . Comparison of baseline characteristics between included
and excluded patients

Included Excluded (Incomplete
Characteristic Cohort (N=858) Data) (N=241) p-value
Age (years), mean (SD) 9.2 (3.4) 9.1(3.5) 0.68
Sex, n (%)
Male 550 (64.1%) 152 (63.1%) 0.76
Female 308 (35.9%) 89 (36.9%)
Residence, n (%)
Urban 579 (67.5%) 159 (66.0%) 0.65
Rural 279 (32.5%) 82 (34.0%)
Displacement Status,
n (%)
Non-displaced 741 (86.4%) 206 (85.5%) 0.71

IDP 117 (13.6%) 35 (14.5%)




