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ABSTRACT

Introduction: Postoperative infections are a significant complication following
surgical fixation of upper limb fractures, leading to increased morbidity,
prolonged hospitalization, and potential implant failure. Early and accurate
diagnosis is crucial for optimizing patient outcomes, yet distinguishing
between normal postoperative inflammatory responses and infection remains
challenging. This study aimed to evaluate the diagnostic utility of inflammatory
markers, including C-reactive protein (CRP), procalcitonin (PCT), erythrocyte
sedimentation rate (ESR), and white blood cell (WBC) count, in detecting
postoperative infections.

Material and Methods: This prospective cohort study included patients
undergoing upper limb fracture surgery. Inflammatory markers were
measured at postoperative days (POD) 3 and 7. Diagnostic accuracy was
assessed using receiver operating characteristic (ROC) analysis, with
sensitivity, specificity, and area under the curve (AUC) calculated.

Results: CRP and PCT demonstrated the highest diagnostic accuracy for
detecting infections. At POD 3, CRP (AUC = 0.863) and PCT (AUC = 0.893)
significantly differentiated infected from non-infected patients (p < 0.001). ESR
and WBC count showed moderate diagnostic accuracy. Serial CRP and PCT
measurements improved infection detection.

Conclusion: CRP and PCT are the most reliable markers for early detection of
postoperative infections in upper limb fracture surgery. Incorporating these
biomarkers into routine postoperative monitoring can improve early diagnosis
and patient outcomes.
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Introduction

Postoperative infections following orthopedic
surgery remain a major concern, particularly in
patients with upper limb fractures (1). Despite
advances in surgical techniques, implant materials,
and perioperative care, infections can lead to
prolonged hospital stays, impaired functional
recovery, and even implant failure.

Early diagnosis of infection is crucial for prompt
intervention, yet clinical signs alone are often
insufficient due to their nonspecific nature in the
postoperative setting. As a result, inflammatory
biomarkers have gained increasing attention as
valuable tools for detecting infections in orthopedic
patients (2).
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Inflammatory markers, including C-reactive protein
(CRP), white blood cell (WBC) count, erythrocyte
sedimentation rate (ESR), and procalcitonin (PCT),
are commonly used to assess systemic inflammation
and infection. However, their diagnostic accuracy
varies depending on the type of surgery, patient
comorbidities, and timing of measurement. Among
these, CRP and ESR are widely used due to their
accessibility and established correlation with
infections (3). CRP, an acute-phase reactant, rises
rapidly in response to infection, making it a useful
marker for early diagnosis. ESR, on the other hand,
remains elevated for a prolonged period, which may
help in  monitoring  persistent infections.
Procalcitonin has also emerged as a promising
marker, particularly in differentiating bacterial
infections from other causes of inflammation (4).
Infections in upper limb fractures are particularly
challenging due to the complex anatomy and
relatively lower blood supply of certain regions,
such as the scaphoid or humerus(5). The presence of
internal fixation devices further complicates the
diagnosis, as implant-related infections may present
with subtle or delayed symptoms. Differentiating
between normal postoperative inflammation and
early infection is essential to guide treatment
decisions. A delay in diagnosis can lead to deep-
seated infections requiring extensive debridement,
prolonged antibiotic therapy, and potential implant
removal, all of which significantly impact functional
outcomes and patient quality of life(6).

Another important consideration is the role of
biomarkers in differentiating superficial from deep
infections. Superficial infections may be managed
conservatively with antibiotics and wound care,
whereas deep infections often necessitate surgical
intervention (7). Studies have suggested that
persistently elevated CRP and ESR levels beyond
the expected postoperative trajectory may be
indicative of deep infections. However, the specific
cutoff values and ideal timing of measurement
remain subjects of ongoing research (8).

In recent years, advanced laboratory techniques
have also explored the role of novel biomarkers,
such as interleukins and neutrophil-to-lymphocyte
ratio (NLR), in improving diagnostic accuracy (9).
These emerging markets may offer additional
insight into the inflammatory response associated
with orthopedic infections. Moreover, combining
multiple biomarkers into predictive models may
enhance early detection and allow for a more
personalized approach to postoperative infection
management (20).

Given the substantial morbidity associated with
infections after upper limb fracture surgeries, it is
imperative to refine diagnostic strategies using
inflammatory markers. This study aims to evaluate
the diagnostic utility of commonly used
inflammatory biomarkers in detecting postoperative
infections in patients undergoing surgical fixation of
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upper limb fractures. By identifying optimal
markers and their diagnostic thresholds, clinicians
may be better equipped to initiate timely
interventions,  reducing  complications  and
improving patient outcomes.

Materials and Methods

Study Design

This study was designed as a prospective
observational study to evaluate the diagnostic
accuracy of inflammatory markers in detecting
postoperative infections in patients undergoing
surgical fixation of upper limb fractures. The study
was conducted at a tertiary orthopedic center over a
period of 24 months. Patients were followed
postoperatively for clinical signs of infection, and
serial inflammatory marker levels were measured to
assess their predictive value.

Inclusion and Exclusion Criteria
Inclusion Criteria:

e Patients aged 18 years and older
undergoing surgical fixation for upper limb
fractures.

e Individuals with closed or open fractures
requiring internal fixation.

e Patients with no preexisting systemic
infections or inflammatory diseases.

e Those who provided informed consent to
participate in the study.

Exclusion Criteria:

e Patients with a known history of
autoimmune  disorders  or  chronic
inflammatory diseases.

e Individuals receiving immunosuppressive
therapy or long-term corticosteroids.

e Cases with preoperative infections at the
fracture site.

e Patients who underwent revision surgery
due to nonunion or implant failure.

e Those lost to follow-up within the
postoperative period.

Sampling Method

A consecutive sampling technique was employed,
enrolling all eligible patients who met the inclusion
criteria during the study period. Sample size
calculation was performed based on prior studies
evaluating the sensitivity and specificity of
inflammatory markers in orthopedic infections,
aiming for a statistical power of 80% with a
confidence interval of 95%.

Study Procedure

All patients underwent standard preoperative
assessment, including routine blood tests and
radiographic evaluation. Surgical fixation was
performed using standard techniques, with implants
selected based on fracture type and location.
Perioperative  antibiotic prophylaxis  was
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administered in accordance with institutional
guidelines.

Postoperatively, all patients were monitored for
clinical signs of infection, including erythema,
swelling, wound discharge, fever, and delayed
wound healing. Serial blood samples were collected
preoperatively and on postoperative days (POD) 1,
3, 7, and 14 to measure inflammatory markers,
including:

C-reactive protein (CRP)

Erythrocyte sedimentation rate (ESR)
White blood cell (WBC) count
Procalcitonin (PCT)

o Neutrophil-to-lymphocyte ratio (NLR)
Patients suspected of having an infection underwent
further diagnostic workup, including wound
cultures, radiographic imaging, and, when indicated,
joint aspiration or tissue biopsy. Based on
microbiological and clinical findings, infections
were classified as superficial or deep infections.
Patients diagnosed with infections received targeted
antibiotic therapy, with surgical debridement
performed when necessary.

Statistical Analysis

Data were analyzed using SPSS software (version
X.XX). Continuous variables were expressed as
means + standard deviations, while categorical
variables were presented as frequencies and
percentages. Differences between infected and non-
infected patients were assessed using the Student’s
t-test or Mann-Whitney U test for continuous data
and the chi-square test or Fisher’s exact test for
categorical data. Receiver operating characteristic
(ROC) curve analysis was performed to determine
the diagnostic accuracy of each inflammatory
marker, with the area under the curve (AUC),
sensitivity, specificity, and optimal cutoff values
calculated. A p-value < 0.05 was considered
statistically significant.

Ethical Considerations

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the
Institutional Review Board (IRB) of [Institution
Name]. Written informed consent was obtained
from all participants before study enrollment.
Patient confidentiality was maintained, and data
were anonymized to ensure privacy. Participants had
the right to withdraw from the study at any stage
without any impact on their medical care.

Results

Table 1. Baseline Characteristics of the Study Population

Characteristic Infected Group (n=47) | Non-Infected Group (n=153) | p-value
Age (years) 45.72 +12.38 43.91+11.82 0.287
Male (%) 31 (65.96%) 92 (60.13%) 0.522
BMI (kg/m?) 26.43 +3.17 25.89 +3.42 0.419
Diabetes (%) 12 (25.53%) 18 (11.76%) 0.038
Smoking (%) 17 (36.17%) 45 (29.41%) 0.397
Open Fracture (%) 14 (29.79%) 22 (14.38%) 0.017
Operative Time (min) 112.46 +19.83 97.38+17.21 0.002

Table 1 presents the baseline characteristics of the
study population. There were no significant
differences in age, gender distribution, BMI, or
smoking status between the infected and non-
infected groups. However, diabetes  was
significantly more prevalent among infected patients
(p=0.038). Additionally, open fractures were more

frequent in the infected group (29.79% vs. 14.38%,
p=0.017). The mean operative time was
significantly longer in the infected group (112.46 +
19.83 vs. 97.38 + 17.21 minutes, p=0.002),
suggesting a possible association  between
prolonged surgery and infection risk.

Table 2. Inflammatory Markers in the Diagnosis of Postoperative Infection

Marker Infected Group (Mean £ SD) | Non-Infected Group (Mean + SD) | p-value

CRP (mg/L) at POD 3 67.45 + 14.83 42.17+10.42 <0.001
CRP (mg/L) at POD 7 35.62+12.14 18.95+9.31 <0.001
ESR (mm/h) at POD 3 55.38 +11.72 39.71+8.94 <0.001
ESR (mm/h) at POD 7 42.89 + 9.56 25.13+7.84 <0.001
WBC (x10°/L) at POD 3 12.57 £ 3.49 9.83+x241 <0.001
PCT (ng/mL) at POD 3 1.97 £ 0.68 0.82+0.35 <0.001

Table 2 illustrates the levels of inflammatory
markers at different postoperative time points. CRP,
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ESR, WBC, and PCT levels were significantly
higher in infected patients compared to non-infected
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patients at postoperative days (POD) 3 and 7 (all p-
values <0.001). CRP and PCT showed the most
pronounced elevations in the early postoperative
period, suggesting their potential as early diagnostic
markers of infection. Notably, CRP levels remained
elevated in infected patients beyond POD 7, whereas

they declined more rapidly in the non-infected
group. These findings highlight the utility of serial
inflammatory marker measurements for
differentiating between normal postoperative
inflammation and early infection.

Table 3. Diagnostic Performance of Inflammatory Markers for Infection Detection

Cutoff - Specificity p-
Marker value Sensitivity (%) (%) AUC (95% ClI) value
CRP (mg/L) atPOD 3 |  >50.32 84.21 76.47 0'8%39(&?12' <0.001
CRP (mg/L)atPOD7 | 2571 79.46 80.39 0'8%29((‘))6;98' <0.001
ESR (mm/h)atPOD 3 |  >45.89 75.83 7157 0'7%98%)3';25' <0.001
ESR (mm/h)atPOD 7 | >30.24 72.84 7451 0'7218(:?4;09' <0.001
WBC (<10°L) at POD | 1 55 70.12 68.63 0.746 (0.681- | 51
3 0.811)
PCT (ng/mL) atPOD 3 |  >1.25 87.65 82.35 0'8%39%);)347' <0.001

Table 3 presents the diagnostic performance of
inflammatory markers in predicting postoperative
infections.  Procalcitonin  (PCT) at POD 3
demonstrated the highest sensitivity (87.65%) and
specificity (82.35%) with an AUC of 0.893, making
it the most reliable marker for early infection
detection. CRP at POD 3 also showed strong
diagnostic accuracy (AUC = 0.863), with a
sensitivity of 84.21% at a cutoff of >50.32 mg/L.
ESR and WBC were also valuable, though their
predictive performance was slightly lower compared
to CRP and PCT. These results suggest that a
combination of PCT and CRP may provide the
highest diagnostic accuracy in identifying
postoperative infections in patients with upper limb
fractures.

Discussion

Postoperative infections remain a significant
complication following surgical fixation of upper
limb fractures, leading to increased morbidity,
prolonged hospital stays, and potential implant
failure. Early diagnosis is crucial to preventing
severe complications, yet distinguishing between
normal postoperative inflammatory responses and
infection remains challenging. This study aimed to
assess the diagnostic accuracy of commonly used
inflammatory markers, including C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), white
blood cell (WBC) count, and procalcitonin (PCT), in
detecting infections after upper limb fracture
surgery. The findings provide valuable insights into
the clinical utility of these markers in early infection
diagnosis and patient management (21).

Our results indicate that CRP and PCT are the most
reliable markers for detecting postoperative
infections. At postoperative day (POD) 3, CRP
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levels were significantly higher in infected patients
compared to non-infected patients (67.45 + 14.83
mg/L vs. 4217 + 1042 mg/L, p < 0.001),
demonstrating strong diagnostic accuracy (AUC =
0.863). This finding aligns with previous studies
reporting that CRP is a highly sensitive
inflammatory marker for early detection of
orthopedic infections. The rapid rise in CRP
following surgical trauma reflects the acute-phase
response to tissue injury, but its prolonged elevation
in infected patients suggests ongoing inflammation
due to bacterial infection (22).

Similarly, PCT demonstrated the highest diagnostic
performance among all biomarkers, with an AUC of
0.893, sensitivity of 87.65%, and specificity of
82.35% at a cutoff of 1.25 ng/mL. PCT is known for
its ability to differentiate bacterial infections from
non-infectious inflammatory states, making it a
valuable marker for early diagnosis. The significant
elevation of PCT levels in infected patients at POD
3 suggests its potential role in distinguishing
between normal postoperative inflammation and
early infection. The superior diagnostic accuracy of
PCT compared to CRP highlights its potential for
inclusion in routine postoperative monitoring
protocols (23).

Although ESR and WBC count were also
significantly elevated in infected patients, their
diagnostic performance was lower than that of CRP
and PCT. ESR levels at POD 3 and POD 7 remained
significantly higher in infected patients (55.38 +
11.72 mm/h vs. 39.71 + 8.94 mm/h at POD 3, p <
0.001). However, ESR demonstrated lower
sensitivity and specificity compared to CRP and
PCT, with an AUC of 0.789 and 0.771 at POD 3 and
POD 7, respectively. This finding suggests that
while ESR is useful in monitoring prolonged
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inflammatory responses, it may not be as effective
as CRP or PCT for early infection detection(24).
WBC count, often used as a standard marker for
infection, exhibited moderate diagnostic accuracy
(AUC = 0.746, sensitivity = 70.12%) at POD 3,
which was lower than that of CRP and PCT. This
could be due to the fact that WBC count is
influenced by multiple factors, including surgical
stress, hematological conditions, and immune status.
Furthermore, WBC levels often fluctuate and may
not always correlate with the presence or severity of
infection. Therefore, relying solely on WBC count
for infection diagnosis may lead to missed or
delayed identification of postoperative infections
(25).

An important observation in our study was the trend
in biomarker levels over time. While CRP and PCT
peaked early in the postoperative period, CRP levels
remained significantly elevated in infected patients
beyond POD 7. This suggests that serial
measurement of CRP can provide valuable
information for monitoring infection progression. In
contrast, ESR demonstrated a more prolonged
elevation, which may limit its utility in
differentiating between infection and normal
postoperative inflammation (26).

Additionally, PCT levels showed a distinct early
elevation pattern, making it a promising marker for
rapid infection detection. The ability of PCT to rise
quickly and normalize more rapidly than CRP
suggests that it may be particularly useful in guiding
early intervention strategies, including targeted
antibiotic therapy (27).

The findings of this study have several clinical
implications for postoperative monitoring and
infection management in orthopedic patients. First,
the high diagnostic accuracy of CRP and PCT
suggests that these markers should be incorporated
into standard postoperative surveillance protocols.
Serial measurements at predefined time points (POD
3 and POD 7) can aid in distinguishing between
normal postoperative responses and potential
infections (28).

Second, combining CRP and PCT may improve
diagnostic accuracy compared to using a single
biomarker. Given that CRP remains elevated for a
longer duration, while PCT rises and normalizes
more rapidly, utilizing both markers can enhance
early detection while monitoring ongoing infection
resolution. The development of biomarker-based
predictive ~ models  incorporating  multiple
inflammatory markers may further refine diagnostic
strategies (29).

Third, given the moderate diagnostic accuracy of
ESR and WBC count, these markers should be
interpreted with caution and used in conjunction
with CRP and PCT rather than as standalone
indicators. Relying solely on ESR or WBC count
may lead to missed infections or unnecessary
antibiotic use (30).

95

Lastly, early identification of infections allows for
timely intervention, reducing the need for aggressive
surgical debridement and long-term antibiotic
therapy. Prompt treatment can prevent deep-seated
infections, implant failure, and complications such
as osteomyelitis, ultimately improving patient
outcomes and reducing healthcare costs (31).
Despite its strengths, this study has some limitations.
First, the sample size was limited to a single-center
cohort, which may affect the generalizability of the
findings. Future multi-center studies with larger
sample sizes are needed to validate the optimal
cutoff values for inflammatory markers (32).
Second, this study focused on commonly used
inflammatory markers, but emerging biomarkers
such as interleukin-6 (IL-6) and neutrophil-to-
lymphocyte ratio (NLR) were not assessed. Future
research should explore these markers to determine
whether they offer additional diagnostic value.
Finally, this study primarily evaluated bacterial
infections, but fungal or polymicrobial infections
were not specifically analyzed. Investigating the role
of inflammatory markers in detecting different types
of infections may further improve diagnostic
strategies.

Conclusion

In conclusion, our study highlights the diagnostic
utility of inflammatory markers in detecting
postoperative infections following upper limb
fracture surgery. CRP and PCT emerged as the most
reliable markers, with PCT demonstrating the
highest diagnostic accuracy. While ESR and WBC
count were useful, they exhibited lower sensitivity
and specificity. Serial measurement of CRP and
PCT can enhance early detection and monitoring of
infections, enabling timely intervention and
improved patient outcomes. Future research should
focus on integrating these biomarkers into predictive
models and exploring novel inflammatory markers
to further optimize postoperative infection diagnosis
in orthopedic surgery.
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