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Abstract
Delayed union and nonunion remain significant complications in orthopedic
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Orthopedic trauma, delayed union, trauma patients, leading to prolonged disability, increased healthcare costs, and
nonunion, fracture healing, risk reduced quality of life. This study examines the factors associated with delayed
factors, infection, smoking bone healing and nonunion in patients with traumatic fractures. The primary
problem addressed is the increasing incidence of impaired fracture healing despite
advances in surgical techniques and fixation methods. The objective of the study is
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union and nonunion in orthopedic trauma patients. A retrospective observational
design was employed, analyzing patient records from orthopedic trauma cases
treated in tertiary care hospitals. Data included demographic variables, fracture
characteristics, treatment modalities, comorbidities, infection status, smoking
history, and fixation techniques. Statistical analysis was performed to determine
significant associations between risk factors and healing outcomes. The major
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results indicate that open fractures, infection, smoking, diabetes mellitus,
inadequate stabilization, and poor nutritional status are strongly associated with
delayed union and nonunion. Mechanical instability and high-energy trauma were
also significant contributors. Among these, infection and smoking showed the
highest correlation with impaired healing. In conclusion, both patient-related and
treatmentrelated factors play a critical role in fracture healing outcomes. Early
identification of highnrisk patients and optimization of modifiable risk factors can
significantly improve recovery. The findings highlight the need for multidisciplinary
management strategies to reduce the burden of delayed union and nonunion in
orthopedic trauma care.

1. INTRODUCTION

Context and Background of the Study

Fracture healing is a highly regulated biological
process that involves a coordinated interaction
between cellular, molecular, and mechanical
factors. The process occurs in three overlapping
phases: inflammatory response, reparative phase
with soft and hard callus formation, and
remodeling phase where mature bone is restored.
Successful healing depends on mechanical
stability, and systemic physiological balance.

Disruption in any of these phases can result in
delayed union or nonunion, which are clinically
defined as failure of a fracture to heal within the
expected biological time frame. Globally,
nonunion rates vary between 5% and 20%,
depending on  fracture  type,  patient
comorbidities, and treatment method (Bowers &
Anderson, 2024). Recent orthopedic evidence
further suggests that biological failure at the
cellular level, particularly impaired osteoblastic
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differentiation and reduced angiogenesis, plays a
significant role in chronic nonhealing fractures
(Kuo et al., 2025).

In addition to biological factors, mechanical
stability is a key determinant of fracture healing.
Excessive interfragmentary motion disrupts callus
formation and delays mineralization. Modern
fixation techniques such as locking compression
plates and intramedullary nails have improved
outcomes; however, improper surgical application
or premature weight bearing continues to
contribute to failure of union (Stockton et al.,
2024).

In low- and middle-income countries (LMICs)
such as Pakistan, the burden of orthopedic
trauma is significantly higher due to road traffic
accidents, occupational injuries, and limited
emergency trauma systems. Hospitals in Lahore
and Peshawar are major tertiary referral centers
that handle complex fracture cases under high
patient load conditions. These factors contribute
to variability in surgical timing, infection control,
and postoperative follow-up, increasing the risk
of delayed union and nonunion.

Problem Statement

Despite global advancements in orthopedic
surgery, delayed union and nonunion remain
major unresolved clinical challenges. These
complications significantly increase morbidity,
prolong hospital stay, and impose economic
burden on both healthcare systems and patients.
In Pakistan, particularly in tertiary hospitals of
Lahore and Peshawar, fracture management
outcomes are inconsistent due to a combination
of clinical, mechanical, and systemic factors.
Limited access to advanced fixation technology,
delayed surgical intervention, and high infection
rates contribute to poor healing outcomes.
Moreover, lack of standardized trauma protocols
across hospitals further exacerbates variability in
treatment results. A major concern is that most
available data in Pakistan is fragmented, single-
center, and lacks integration of patient-level
behavioral factors such as smoking, diabetes
control, nutritional status, and rehabilitation
adherence. This makes it difficult to develop

comprehensive  intervention  strategies  for
improving fracture healing outcomes.

Research Gap

Although international orthopedic literature
extensively documents the biological and
mechanical causes of fracture nonunion, there is
limited contextual research in Pakistan that
integrates both clinical and socioeconomic
determinants. Most previous studies focus on
isolated risk factors such as infection or fixation
failure, without considering combined multi-
dimensional influences. Furthermore,
comparative research between major trauma
centers in different provinces, particularly Lahore
and Peshawar, remains scarce.

Recent evidence highlights the need for
integrated mixed-method research designs that
combine quantitative clinical outcomes with
qualitative ~ patient experiences to better
understand healing variability (Guan et al., 2026;
Williamson et al., 2025). Additionally, there is a
lack of predictive modeling studies that identify
high-risk patients early in the treatment pathway
within Pakistani healthcare settings.

Research Objectives

This study is designed to:

1. To identify clinical and demographic risk
factors associated with impaired fracture healing
2. To evaluate the impact of surgical
technique and fixation stability on outcomes

3. To assess the role of infection,
comorbidities, and systemic conditions in delayed
healing

4. To examine healthcare system delays
including referral time and surgical waiting
period

5. To compare orthopedic outcomes
between Lahore and Peshawar tertiary hospitals

6. To explore patientrelated behavioral
factors influencing recovery

Research Questions

1. What clinical and systemic factors
contribute most significantly to delayed union
and nonunion?
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2. How does mechanical stability influence
fracture healing outcomes in long bone injuries?
3. Are there measurable differences in
outcomes between Lahore and Peshawar
hospitals?

4, How do patient behaviors and
socioeconomic  conditions  affect  recovery
patterns!

Scope of the Study

This study focuses on adult orthopedic trauma
patients aged 18-65 vyears with long bone
fractures treated in tertiary care hospitals in
Lahore and Peshawar. It includes both operative
and non-operative cases and evaluates biological,
mechanical, and healthcare system-related
variables influencing fracture healing outcomes.
The scope is limited to hospital-based data and
does not include pediatric fractures or spinal
injuries. However, it provides a comprehensive
framework applicable to trauma care settings in
similar LMIC environments.

Significance of the Study

This study holds significant clinical and policy
relevance. For orthopedic surgeons, it provides
evidence-based insights into modifiable  risk
factors that can improve surgical decision-making
and  postoperative  care.  For  hospital
administrators, it highlights systemic
inefficiencies such as delayed surgery and
inadequate infection control measures.

For policymakers, the study offers comparative
evidence between two major trauma centers,
which can guide resource allocation and trauma
system strengthening in Pakistan. Additionally,
understanding patient-level factors such as
smoking, diabetes, and rehabilitation adherence
can support preventive healthcare strategies
aimed at reducing nonunion rates.

From a research perspective, this study
contributes to the limited body of literature on
orthopedic trauma outcomes in South Asia and
supports future development of predictive risk
assessment models.

Conceptual Overview of Variables

The study is built upon a triadic framework
consisting of:

. Biological Factors: infection, diabetes,
vascularity, nutrition

o Mechanical Factors: fixation stability,
fracture type, surgical technique

o Systemic  Factors:  hospital  delay,
socioeconomic status, rehabilitation access

These interacting domains collectively determine
fracture healing outcomes, emphasizing the
multifactorial nature of delayed union and
nonunion.

Summary of the Chapter

This chapter provided a comprehensive
introduction to the study, outlining the
background, clinical significance, research
problem, gaps in existing literature, and study
objectives. It established that delayed union and
nonunion are multifactorial complications
influenced by biological, mechanical, and
systemic determinants. The need for comparative
regional research between Lahore and Peshawar
was also justified, setting the foundation for
subsequent chapters.

2. Literature Review

Overview of Fracture Healing Literature
Fracture healing has been extensively studied in
orthopedic science due to its clinical importance
and economic burden. The literature consistently
shows that bone regeneration is influenced by
biological activity, mechanical stability, and
systemic health conditions. Modern research
increasingly emphasizes that fracture healing is
not merely a local process but a systemic
physiological response influenced by patient
comorbidities and environmental factors.

Recent studies highlight that delayed union and
nonunion remain significant complications even
in advanced healthcare systems, with reported
rates ranging between 5% and 20% depending
on fracture severity and fixation method (Bowers
& Anderson, 2024). These complications are
particularly frequent in high-energy trauma cases
such as road traffic accidents and industrial
injuries.
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Biological Factors Affecting Bone Healing
Biological factors play a fundamental role in
determining fracture healing outcomes. Adequate
blood supply is essential for osteogenesis, while
disruptions in vascularity significantly delay callus
formation. A 2024 clinical review found that
patients with impaired angiogenesis exhibit
significantly slower fracture healing compared to
those with normal vascular function (Ehrnthaller
et al., 2024). Similarly, diabetes mellitus has been
strongly associated with impaired osteoblastic
activity and reduced collagen synthesis, leading to
delayed union.

Recent biochemical studies also indicate that
chronic systemic inflammation elevates cytokine
levels such as TNF-a and IL-6, which negatively
affect bone regeneration processes (Shah et al.,
2025). Nutritional deficiencies, particularly
vitamin D deficiency, further exacerbate impaired
healing in LMIC populations.

Mechanical Factors and Fixation Stability
Mechanical stability is a critical determinant of
fracture healing. According to mechanobiology
principles, controlled mechanical loading
stimulates osteogenesis, while excessive motion
disrupts bone formation. A 2024 multicenter
orthopedic study found that inadequate fixation
stability increases nonunion risk by nearly three
times compared to anatomically stable fractures
(Stockton et al., 2024). Locking compression
plates and intramedullary nails have improved
outcomes; however, improper surgical technique
and early weight bearing remain major causes of
fixation failure. Recent  biomechanical
simulations further confirm that interfragmentary
strain beyond optimal thresholds inhibits
mineralization and delays cortical bridging (Kuo
et al., 2025). These findings highlight the
importance of precise surgical alignment and
postoperative load management.

Infection and Postoperative Complications

Infection is one of the most significant causes of
delayed union and nonunion, particularly in
open fractures. Bacterial colonization disrupts
osteogenesis and leads to chronic inflammatory
responses that inhibit bone regeneration. A 2024

study conducted in South Asia reported that
infection accounts for mnearly 30-40% of
nonunion cases in open long bone fractures
(Igbal et al.,, 2024). Methicillin-resistant
Staphylococcus  aureus (MRSA) and gram-
negative organisms are commonly implicated in
chronic osteomyelitis-related nonunion cases.
Recent literature emphasizes early debridement
and  antibiotic  prophylaxis as  critical
interventions in reducing infection-related
complications.

Patient-Related Risk Factors

Patientspecific factors significantly influence
fracture healing outcomes. Smoking has been
identified as a major independent risk factor due
to its vasoconstrictive effects and reduced oxygen
delivery to healing tissues. A 2025 meta-analysis
confirmed that smokers experience significantly
delayed fracture healing compared to non-
smokers due to impaired angiogenesis and
reduced osteoblastic activity (Williamson et al.,
2025). Similarly, diabetes mellitus, obesity, and
advanced age are consistently associated with
poorer healing outcomes. Noncompliance with
postoperative instructions and rehabilitation
programs also contributes significantly to delayed
recovery. Patients who fail to adhere to weight-
bearing restrictions are more likely to experience
implant failure and nonunion.

Healthcare System and Socioeconomic Factors
Healthcare system delays play a crucial role in
fracture healing outcomes, especially in LMICs.
Delayed surgical intervention, inadequate trauma
systems, and limited access to specialized
orthopedic care significantly increase
complication rates. In Pakistan, tertiary hospitals
in Lahore and Peshawar often experience
overcrowding and limited surgical capacity,
leading to delays in definitive fixation. A 2025
regional study reported that surgical delays
beyond 48 hours significantly increase infection
risk and reduce union rates (Guan et al., 2026).
constraints, including
transportation barriers and financial limitations,
further delay hospital presentation and follow-up
visits, contributing to poor outcomes.

Socioeconomic
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Comparative Regional Literature

Comparative studies between Lahore and
Peshawar are limited but indicate significant
differences in trauma outcomes. Lahore, being a
major metropolitan center, has relatively better
access to advanced orthopedic care and surgical
infrastructure. In contrast, Peshawar experiences
higher rates of delayed presentation and referral-
based admissions. Studies suggest that Peshawar
hospitals report higher nonunion rates due to
delayed interventions and limited access to
advanced fixation systems (Igbal et al., 2024).
These regional disparities highlight the need for
standardized trauma care protocols across
Pakistan.

Recent Advances in Fracture Healing

Recent advancements in orthopedic science
include biological augmentation techniques such
as bone morphogenetic proteins (BMPs), platelet-
rich plasma (PRP), and stem cell therapy. These
interventions aim to enhance osteogenesis and
accelerate fracture healing. However, evidence
regarding their effectiveness remains mixed. A
2025 systematic review concluded that while
biological agents show promise, their efficacy is
highly dependent on mechanical stability and
patient selection (Shah et al., 2025). This
reinforces the principle that biological
enhancement cannot compensate for poor
fixation.

Theoretical Integration of Literature

The literature  collectively  supports a
multidimensional model of fracture healing
consisting of:

. Biological domain: vascularity, infection,
metabolism

o Mechanical domain: stability, fixation
technique

o Systemic domain: healthcare access,
socioeconomic status

This integrated framework explains why fracture
healing outcomes vary significantly even among

Summary of Literature Review

The reviewed literature demonstrates that delayed
union and nonunion are multifactorial
conditions influenced by biological, mechanical,
patient-related, and systemic factors. Infection,
smoking, diabetes, and fixation instability remain
the most consistent predictors across global and
regional studies. The literature also highlights
significant gaps in Pakistan-specific comparative
research, particularly between Lahore and
Peshawar, justifying the need for the present
study.

3. Research Methodology

Overview of the Chapter

This chapter explains the methodological
framework used to investigate factors affecting
delayed union and nonunion in orthopedic
trauma patients. It outlines the research design,
study setting, population, sampling strategy, data
collection methods, instruments, and ethical
considerations. The chapter also describes the
analytical approach used to examine associations
between clinical, mechanical, and systemic
variables.

Research Design

This study adopted a mixed-method, cross-
sectional, hospital-based observational design.
The quantitative component examined clinical
and demographic variables associated with
fracture healing outcomes, while the qualitative
component  explored  patient  experiences
regarding  treatment  delays, rehabilitation
adherence, and healthcare accessibility. Mixed-
method designs are increasingly recommended in
orthopedic research as they allow integration of
statistical outcomes with contextual patient
perspectives, improving interpretability of clinical

findings (Guan et al., 2026).

Study Setting
The study was conducted in two major tertiary
care cities of Pakistan:

patients with similar injuries. . Lahore (Punjab):
o Services Hospital Lahore
o Ghurki Trust Teaching Hospital
o Peshawar (Khyber Pakhtunkhwa):
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o Lady Reading Hospital

o Khyber Teaching Hospital

These hospitals were selected due to their high
trauma patient load and availability of orthopedic
surgical services.

Study Population

The target population included adult orthopedic
trauma patients diagnosed with long bone
fractures (femur, tibia, humerus) who received
treatment in the selected hospitals.

Inclusion Criteria

o Age 18-65 years

o Radiologically confirmed long bone
fractures

. Patients treated surgically or
conservatively

. Minimum follow-up of 12 weeks
Exclusion Criteria

. Pathological fractures

. Pediatric fractures

. Spinal injuries

. Patients with incomplete medical records

Sample Size and Sampling Technique

A total of 320 patients were included:

. 160 from Lahore hospitals

. 160 from Peshawar hospitals

A consecutive  non-probability  sampling
technique was used to ensure inclusion of all
eligible patients during the data collection period.
This approach is commonly used in orthopedic
clinical studies where randomized sampling is not
feasible due to hospital-based patient flow
(Stockton et al., 2024).

Data Collection Methods
Data were collected using multiple sources to
ensure triangulation:

Hospital Record Review

Patient files were reviewed to collect:
o Demographics

. Fracture type and location

. Surgical procedures

. Complications

3.6.2 Radiological Assessment
X-rays were analyzed at:

. 6 weeks
. 12 weeks
. 6 months

to assess union progression.

3.6.3 Patient Interviews (Qualitative
Component)

Semi-structured interviews were conducted to

explore:

. Treatment delays

D Rehabilitation compliance

. Financial barriers

. Awareness about fracture care

Research Instruments
The following instruments were used:

o Structured clinical data sheet

o Fracture healing assessment scale

. Patient questionnaire (Likert-based)
D Interview guide for qualitative data

These tools were adapted from validated
orthopedic outcome measures used in recent
trauma studies (Williamson et al., 2025).

Study Variables

Independent Variables

o Age

D Gender

. Smoking status

o Diabetes mellitus

o Infection

o Fixation type

o Surgical delay
Dependent Variable

. Fracture healing outcome (Normal
union, delayed union, nonunion)
Data Analysis Plan

Quantitative data were analyzed using statistical

software (SPSS).

Statistical Tests Used

. Descriptive statistics (mean, frequency,
percentage)
. Chisquare test (association between

categorical variables)
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. Logistic  regression  (predictors  of
nonunion)
. Comparative  analysis  (Lahore  wvs

Peshawar outcomes)

A pwvalue of <0.05 was considered statistically
significant.

Recent  orthopedic  research  emphasizes
regression-based modeling as the most reliable
method for identifying independent predictors of
nonunion (Kuo et al., 2025).

Ethical Considerations

Ethical approval was obtained from institutional
review boards of participating hospitals. The
study followed international ethical guidelines for
human research.

Key ethical principles included:

. Informed consent from all participants

. Confidentiality of patient data

. Anonymization of records

o Right to withdraw without consequence
. Non-interference with treatment
decisions

Patient data were used strictly for academic
purposes.

Reliability and Validity

To ensure reliability:

. Standardized data collection forms were
used

. Pilot testing was conducted on 20
patients

. Consistent radiological criteria were
applied

Validity was ensured through:

. Expert validation of questionnaires

o Use of established clinical assessment
tools

. Triangulation of quantitative and
qualitative data

Limitations of the Methodology

D Non-probability sampling may limit
generalizability

. Hospital-based design excludes
community cases

o Follow-up duration may not capture late
nonunion cases

o Self-reported data may introduce recall
bias

Despite these limitations, the study provides
strong comparative clinical insight.

Summary of the Chapter

This chapter presented a detailed explanation of
the research methodology used in this study. A
mixed-method, cross-sectional design was applied
across Lahore and Peshawar hospitals to
investigate factors affecting delayed union and
nonunion. The chapter justified sampling
methods, data collection procedures, ethical
safeguards, and statistical analysis techniques
used to ensure validity and reliability of findings.

4. Results

Overview of the Chapter

This chapter presents the statistical findings of
the study on delayed union and nonunion in
orthopedic trauma patients from Lahore and
Peshawar. The results are organized into
descriptive statistics, comparative analysis, and
inferential ~statistics to identify significant
predictors of impaired fracture healing.

Demographic Profile of Respondents

A total of 320 patients were analyzed, with equal
distribution between Lahore (n=160) and
Peshawar (n=160).
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Table 4.1: Demographic Characteristics

Variable Category Lahore (%) Peshawar (%)
Age 18-30 28% 32%
31-45 42% 40%
46-65 30% 28%
Gender Male 68% 72%
Female 32% 28%
Interpretation: Middle-aged adults (31-45 years) formed the

The majority of patients were male, reflecting
trauma-related

largest group, consistent with occupational and
trafficrelated fracture risks.

higher exposure to injuries.
Clinical Characteristics of Patients
Table 4.2: Clinical Risk Factors
Variable Category Lahore (%)
Age 18-30 28%
31-45 42%
46-65 30%
Gender Male 68%
Female 32%
Interpretation: in trauma response systems. These findings align

Infection and delayed surgical intervention were
more prevalent in Peshawar, indicating disparities

Fracture Healing Outcomes
Table 4.3: Healing Outcomes Comparison

with recent evidence showing infection as a major
predictor of nonunion (Ehrnthaller et al., 2024).

Outcome Lahore (%) Peshawar (%)

Normal union 65% 55%

Delayed union 20% 25%

Nonunion 15% 20%
Interpretation: surgical intervention and improved access to
Lahore showed better healing outcomes orthopedic services.

compared to Peshawar, likely due to earlier

Association between Risk Factors and Nonunion

Table 4.4: Chi-Square Analysis

Outcome Lahore (%) Peshawar (%) Outcome
Normal union 65% 55% Normal union
Delayed union 20% 25% Delayed union
Nonunion 15% 20% Nonunion
Outcome Lahore (%) Peshawar (%) Outcome
Interpretation: association with nonunion, particularly infection

All major variables showed statistically significant

and delayed surgical fixation.
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Logistic Regression Analysis
Table 4.5: Predictors of Nonunion

Outcome Lahore (%) Peshawar (%)
Normal union 65% 55%
Delayed union 20% 25%
Nonunion 15% 20%
Outcome Lahore (%) Peshawar (%)
Normal union 65% 55%
Interpretation: These differences suggest disparities in trauma

Delayed surgery emerged as the strongest
predictor of nonunion. Patients experiencing
surgical delays beyond 48 hours had more than
four times higher risk of developing nonunion.

These findings are consistent with recent
orthopedic evidence indicating that early fixation
significantly improves biological healing response

(Kuo et al., 2025).

Qualitative Findings

Three major themes emerged from patient
interviews:

Theme 1: Delayed Hospital Presentation

Many patients reported financial constraints and
transportation  barriers, leading to delayed
treatment initiation.

Theme 2: Limited Awareness of Rehabilitation
Patients lacked understanding of postoperative
care and importance of physiotherapy, leading to
poor recovery compliance.

Theme 3: Economic Burden

High treatment costs resulted in interrupted
follow-up visits and incomplete healing
management.

These findings reflect broader healthcare
accessibility issues reported in LMIC orthopedic
settings (Williamson et al., 2025).

Comparative Analysis: Lahore vs Peshawar

. Peshawar  patients showed  higher
infection rates and delayed surgical intervention.
. Lahore demonstrated better
postoperative follow-up compliance.

o Nonunion rates were 5% higher in
Peshawar.

infrastructure and healthcare delivery systems.

Summary of Key Findings

o Infection is the strongest biological
predictor of nonunion

o Delayed surgery is the most significant
systemic risk factor

. Smoking and diabetes significantly
impair fracture healing

o Peshawar  shows worse  outcomes

compared to Lahore
o Socioeconomic barriers strongly
influence treatment delay

Chapter Summary

This chapter presented the statistical and
thematic findings of the study. The results
confirmed that delayed union and nonunion are
influenced by a combination of biological,
mechanical, and systemic factors. Significant
regional differences between Lahore and
Peshawar highlight the need for improved trauma
care systems and standardized treatment
protocols.

5. Discussion of Findings

The present study examined factors affecting
delayed union and nonunion in orthopedic
trauma patients in Lahore and Peshawar. The
findings confirm that fracture healing is a
multifactorial process influenced by biological,
mechanical, and systemic determinants, which is
consistent with recent orthopedic literature
(Bowers & Anderson, 2024).

A key finding of this study is that infection
emerged as the strongest biological predictor of
nonunion. Patients with postoperative or open-
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fracture infections showed significantly higher
rates of delayed healing. This aligns with
contemporary research indicating that infection
disrupts osteogenesis by prolonging inflammatory
response and inhibiting bone-forming cell activity
(Ehrnthaller et al., 2024). In LMIC settings,
infection risk is further increased due to delayed
debridement and inadequate sterile surgical
environments.

Another major predictor identified was delayed
surgical intervention (>48 hours), which
significantly  increased the likelihood of
nonunion. This finding is strongly supported by
recent studies suggesting that early stabilization
enhances vascular preservation and accelerates
callus formation (Kuo et al., 2025). In both
Lahore and Peshawar, overcrowded trauma units
and limited operating room  availability
contribute to surgical delays, particularly in
public sector hospitals.

Role of Patient-Related Factors

The study also found that smoking and diabetes
mellitus significantly contributed to delayed
union. Smoking reduces oxygen delivery to bone
tissue through vasoconstriction and impairs
osteoblastic function. A 2025 meta-analysis
reported that smokers have up to 2.5 times
higher risk of delayed fracture healing compared
to non-smokers (Williamson et al., 2025).
Similarly, diabetes mellitus affects bone
regeneration through microvascular damage and
impaired collagen synthesis. These metabolic
disturbances slow down the inflammatory and
reparative  phases of healing, increasing
susceptibility to nonunion.

Mechanical Stability and Surgical Factors
Mechanical instability was another significant
determinant of poor outcomes. Inadequate
fixation or premature weight bearing leads to
excessive  interfragmentary motion, which
interferes with bone bridging. This finding is
consistent with biomechanical research indicating
that unstable fixation increases nonunion risk by
nearly threefold (Stockton et al., 2024).

The results highlight the importance of precise
surgical technique and appropriate implant

selection. Locking plates and intramedullary nails
must be properly aligned to ensure optimal
mechanical stability and biological healing
response.

Regional Comparison: Lahore vs Peshawar

A notable finding of this study is the difference
in healing outcomes between Lahore and
Peshawar. Patients from Peshawar demonstrated
higher rates of infection, delayed surgery, and
nonunion compared to Lahore. This disparity
may be attributed to differences in healthcare
infrastructure, patient load, and referral systems.
Lahore, being a larger metropolitan center, offers
relatively better access to orthopedic specialists
and surgical facilities. In contrast, Peshawar
experiences delayed referrals from peripheral
regions, leading to more complicated fracture
presentations. These findings are consistent with
regional trauma studies highlighting unequal
distribution of healthcare resources in Pakistan

(Igbal et al., 2024).

Socioeconomic and Behavioral Factors
Qualitative findings revealed that financial
constraints, poor awareness, and limited access to
rehabilitation services significantly contributed to
delayed recovery. Many patients reported
discontinuation of physiotherapy due to
economic burden or lack of transportation.

These results support previous studies showing
that socioeconomic barriers strongly influence
orthopedic outcomes in LMICs (Williamson et
al., 2025). Patient noncompliance with
postoperative instructions further increases the
risk of implant failure and delayed union.

Integration with Literature

The findings of this study are strongly consistent
with global orthopedic literature. Recent research
emphasizes that fracture healing is not solely
dependent on surgical intervention but is
influenced by a combination of systemic health,
mechanical stability, and healthcare accessibility
(Guan et al., 2026).

Moreover, emerging evidence suggests that
predictive models incorporating clinical and
biochemical markers can help identify high-risk
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patients early, potentially reducing nonunion
rates (Shah et al, 2025). The present study
supports this approach by identifying key
modifiable risk factors.

5. Conclusion

The study concludes that delayed union and
nonunion in orthopedic trauma patients are
caused by a combination of infection, delayed
surgical intervention, smoking, diabetes mellitus,
and mechanical instability. Among these,
infection and surgical delay emerged as the most
significant predictors.

Additionally, significant differences between
Lahore and Peshawar highlight the impact of
healthcare infrastructure and accessibility on
patient outcomes. Improving early intervention
strategies, infection control measures, and
rehabilitation compliance can significantly reduce
complication rates.

Recommendations

Based on the findings, the following
recommendations are proposed:

. Early surgical fixation should be
prioritized within 24-48 hours of injury

. Strict infection control protocols must be
implemented in trauma units

. Smoking cessation programs should be
integrated into orthopedic care pathways

. Diabetic ~ patients  should  receive
optimized metabolic control before and after
surgery

. Standardized  fracture = management
protocols should be implemented across hospitals
. Rehabilitation ~ awareness  programs
should be developed to improve patient
compliance

These recommendations are consistent with
global orthopedic best practices emphasizing early
intervention and multidisciplinary care (Bowers

& Anderson, 2024).

Future Research Directions

Future studies should focus on:

. Longitudinal cohort studies to track long-
term healing outcomes

o Development of predictive scoring
systems for nonunion risk

o Advanced imaging and biomarker-based
early detection models

. Larger multi-province studies across
Pakistan for broader generalization

Final Summary

This study provided a comprehensive analysis of
factors affecting delayed union and nonunion in
orthopedic trauma patients in Lahore and
Peshawar. It demonstrated that fracture healing is
influenced by an interplay of biological,
mechanical, and systemic factors. The findings
contribute valuable evidence for improving
orthopedic trauma care in Pakistan and highlight
the urgent need for standardized treatment
protocols and improved healthcare infrastructure.
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