
Introduction
Intertrochanteric fractures of the proximal femur are among the 
most frequently encountered fragility fractures in the elderly 
population and represent a major cause of morbidity, loss of 

independence, and healthcare burden worldwide [1]. The 
incidence of these fractures is expected to rise further with 
increasing life expectancy and the growing prevalence of 
osteoporosis and metabolic comorbidities [1,2].
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Itroduction: Intertrochanteric femur fractures are common in the elderly and are associated with significant morbidity. Proximal femoral nail 
(PFN) is widely used for fixation; however, outcomes may be influenced by pre-operative metabolic and inflammatory status. This study 
evaluated functional outcomes of PFN and the predictive value of glycemic control, neutrophil-to-lymphocyte ratio (NLR), and platelet-to-
lymphocyte ratio (PLR).
Material and Methods: This prospective study included 90 patients with intertrochanteric fractures treated with PFN. Pre-operative Glycated 
hemoglobin (HbA1c), NLR, and PLR were recorded. Patients were followed for 6 months and assessed using the Harris Hip Score (HHS). 
Functional outcomes, complications, and predictors of poor outcome were analyzed using t-test, Chi-square test, logistic regression, and receiver 
operating characteristic analysis.
Results: The mean age was 69.4 ± 10.8 years. At 6 months, the mean HHS was 85.2 ± 10.7, with 73.3% patients achieving excellent or good 
outcomes. Delayed union was the most common complication (6.7%). Patients with fair/poor outcomes had significantly higher HbA1c, NLR, 
and PLR (P < 0.01). HbA1c ≥7.1%, NLR >4.6, and PLR >168 were independent predictors of poor outcome. NLR showed the highest 
predictive ability (area under the curve 0.812).
Conclusion: PFN provides favorable functional outcomes in intertrochanteric fractures. However, elevated pre-operative HbA1c, NLR, and 
PLR are associated with poorer outcomes and may serve as useful predictors for risk stratification and perioperative optimization.
Keywords: Intertrochanteric fracture, proximal femoral nail, glycated hemoglobin, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte 
ratio.

Abstract

Learning Point of the Article:
In intertrochanteric femur fractures treated with proximal femoral nailing, good functional outcomes are primarily achieved with stable 

fixation, while pre-operative HbA1c, NLR, and PLR serve as useful adjuncts for predicting recovery and guiding risk stratification.

Evaluation of Orthopedic Outcomes of Proximal Femoral Nailing for 
Intertrochanteric Fractures and Predictive Value of Pre-operative 

Glycemic Status, Neutrophil-to-Lymphocyte Ratio and Platelet-to-
Lymphocyte Ratio: A Prospective Study
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Surgical fixation remains the standard of care, as conservative 
management is associated with prolonged immobilization, 
higher complication rates, and increased mortality. Among 
operative modalities, cephalomedullary devices such as the 
proximal femoral nail (PFN) have gained widespread 
acceptance due to their biomechanical advantages, including 
load-sharing properties, shorter lever arm, and improved 
stabi l ity in unstable fracture patterns compared to 
extramedullary fixation devices [2,3].
Despite advances in implant design and surgical technique, 
outcomes following PFN fixation are still influenced by 
multiple patient-related and biological factors. In particular, 
systemic inflammation and metabolic status have been shown 
to play an important role in fracture healing and post-operative 
recovery. Biomarkers such as neutrophil-to-lymphocyte ratio 
(NLR) and platelet-to-lymphocyte ratio (PLR) have emerged 
as simple and cost-effective indicators of systemic inflammatory 
response and have been associated with post-operative 
complications and functional outcomes in orthopedic trauma 
patients [4,5].
Similarly, poor glycemic control has been identified as a 
significant predictor of delayed union, infection, and impaired 
functional recovery in patients undergoing fracture fixation. 
Glycated hemoglobin (HbA1c) reflects long-term glycemic 
status and may serve as a more reliable predictor of surgical 
outcomes compared to random blood glucose levels [5].
Although several studies have evaluated PFN as a fixation 
modality for intertrochanteric fractures, limited prospective 
data exist regarding the combined predictive value of pre-
operative HbA1c, NLR, and PLR on functional outcomes after 
PFN fixation. Understanding these associations may help in 
r isk strat i f icat ion,  per ioperat ive optimizat ion,  and 
individualized patient management strategies [6].
Therefore, the present prospective study was conducted to 
evaluate the orthopedic and functional outcomes of 
intertrochanteric fractures treated with PFN and to assess the 
predictive significance of pre-operative glycemic status, NLR, 
and PLR on post-operative outcomes.

Materials and Methods

Study design and setting
This prospective observational study was conducted in an 
Indian semiurban tertiary care teaching hospital. The study was 
undertaken after obtaining approval from the Institutional 
Ethics Committee (No. 151/IEC/GMC/2025, Date: 
24/01/2025), and written informed consent was obtained 
from all participants or their legally authorized representatives 
before enrollment.

Sample size
The sample size was calculated based on the anticipated 
proportion of satisfactory functional outcomes following PFN 
for intertrochanteric fractures reported in previous studies. 
Assuming an expected favorable outcome rate of 80%, 
confidence level of 95%, and absolute precision of 10%, the 
minimum required sample size was estimated to be 82 
participants. Considering possible loss to follow-up, a total of 90 
consecutive eligible patients were recruited during the study 
period.

Study population
Patients presenting to the emergency department or 
orthopedic outpatient department with radiologically 
confirmed intertrochanteric fractures of the femur and planned 
for surgical fixation using a PFN were screened for inclusion.

Inclusion criteria
• Patients aged 18 years and above.
• Radiologically confirmed intertrochanteric fracture of the 
femur.
• Patients undergoing fixation with PFN.
• Patients willing to provide informed consent and comply with 
follow-up evaluations.

Exclusion criteria
• Pathological fractures secondary to malignancy.
• Polytrauma patients with life-threatening injuries.
• Previous surgery involving the ipsilateral hip or femur.
• Active infection at the operative site.
• Patients receiving immunosuppressive therapy or diagnosed 
with hematological disorders affecting leukocyte or platelet 
counts.
• Patients lost to follow-up before completion of the 6-month 
evaluation period.
Pre-operative assessment
Detailed demographic and clinical information, including age, 
sex, body mass index, mechanism of injury, side of involvement, 
duration from injury to surgery, comorbidities, and American 
Society of Anesthesiologists (ASA) grade [7] were recorded. 
Fractures were classified according to the Arbeitsgemeinschaft 
für Osteosynthesefragen/Orthopaedic Trauma Association 
(AO/OTA) classif ication system [8] using standard 
anteroposterior and lateral radiographs of the affected hip.
Venous blood samples were collected within 24 h of admission 547
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before surgical intervention. The following laboratory 
parameters were recorded: 
• Fasting blood glucose (mg/dL)
• Glycated hemoglobin (HbA1c, %)
• Total leukocyte count
• Absolute neutrophil count
• Absolute lymphocyte count
• Platelet count
The NLR was calculated by dividing the absolute neutrophil 
count by the absolute lymphocyte count. The PLR was 
calculated by dividing the platelet count by the absolute 
lymphocyte count. Patients were categorized according to pre-
operative glycemic status based on HbA1c values:
• Good glycemic control: HbA1c <7.0%
• Suboptimal glycemic control: HbA1c ≥7.0%.

Surgical procedure
All surgeries were performed under spinal or general anesthesia 
by experienced orthopedic surgeons using a standardized 
operative technique. Patients were positioned supine on a 
fracture table, and closed reduction was achieved under 
f luoroscopic guidance whenever possible. Following 
satisfactory reduction, fixation was performed using a PFN of 
appropriate size and length according to fracture configuration 
and patient anatomy. Perioperative antibiotic prophylaxis and 
thromboprophylaxis were administered according to 
institutional protocols. Post-operative rehabilitation was 
standardized, including early mobilization, range-of-motion 

exercises, and progressive weight-bearing as tolerated.

Outcome measures
Patients were evaluated clinically and radiologically at 6 weeks, 
3 months, and 6 months postoperatively.

Primary outcome
Functional outcome was assessed using the Harris Hip Score 
(HHS) at 6 months. Based on the final HHS, outcomes were 
categorized as: 
• Excellent (90–100)
• Good (80–89)
• Fair (70–79)
• Poor (<70)

Secondary outcomes
• Time to radiological union.
• Post-operative complications, including infection, implant 
failure, screw cut-out, varus collapse, delayed union, non-union, 
and reoperation.
• Association of pre-operative HbA1c, NLR, and PLR with 
functional outcome and complication rates.

Radiological assessment
Radiographs obtained during follow-up visits were reviewed for 
fracture alignment, implant position, evidence of callus 
formation, and progression to union. Radiological union was 
defined as bridging trabeculae across at least three cortices on 
orthogonal radiographs along with absence of pain at the 
fracture site during weight-bearing.
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Variable Value

Age (years), mean±SD 69.4±10.8

Male, n  (%) 52 (57.8)

Female, n  (%) 38 (42.2)

Right-sided fracture, n  (%) 49 (54.4)

Left-sided fracture, n  (%) 41 (45.6)

Fall from standing height, n  (%) 67 (74.4)

Road traffic accident, n  (%) 18 (20.0)

Other causes, n  (%) 5 (5.6)

Diabetes mellitus, n  (%) 33 (36.7)

Hypertension, n  (%) 41 (45.6)

AO/OTA 31-A1, n  (%) 28 (31.1)

AO/OTA 31-A2, n  (%) 47 (52.2)

AO/OTA 31-A3, n  (%) 15 (16.7)

Table 1: Baseline demographic, clinical, and fracture 

characteristics of study participants (n=90)

SD: Standard deviation, AO/OTA: Arbeitsgemeinschaft 

für osteosynthesefragen/orthopaedic trauma association

Variable Mean±SD

HbA1c (%) 6.98±1.41

Fasting blood sugar (mg/dL) 138.6±42.8

Neutrophil count (×10³/µL) 7.1±2.0

Lymphocyte count (×10³/µL) 1.9±0.6

Platelet count (×10³/µL) 265.8±71.5

NLR 4.18±1.82

PLR 151.6±48.9

Operative duration (minutes) 71.8±12.4

Blood loss (mL) 121.3±37.8

Hospital stay (days) 6.8±2.1

Table 2: Pre-operative laboratory parameters and 

perioperative characteristics

NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-

lymphocyte ratio, SD: Standard deviation
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Statistical analysis
Data were entered into Microsoft Excel and analyzed using the 
Statistical Package for the Social Sciences version 26.0. 
Continuous variables were expressed as mean ± standard 
deviation or median with interquartile range, depending on 
data distribution. Categorical variables were presented as 
frequencies and percentages. Comparisons between groups 
were performed using Student’s t-test. Receiver operating 
characteristic (ROC) curve analysis was performed to 
determine the predictive ability of HbA1c, NLR, and PLR for 
poor functional outcomes and post-operative complications. 
Variables demonstrating statistical significance in univariate 
analysis were entered into multivariable logistic regression 
models to identify independent predictors. A P < 0.05 was 
considered statistically significant.

Results
The study population predominantly comprised elderly 
individuals, with a mean age of 69.4 ± 10.8 years. Males 
constituted a slightly higher proportion of the cohort than 
females. Low-energy falls represented the most common 
mechanism of injury, and AO/OTA type 31-A2 fractures were 
the most frequently encountered fracture pattern. The baseline 
demographic, clinical, and fracture characteristics are 
summarized in Table 1.
The mean pre-operative HbA1c, NLR, and PLR values 
reflected varying degrees of metabolic and inflammatory status 

among the study participants. Perioperative variables, including 
operative duration, blood loss, and length of hospital stay, were 
within the expected range for PFN procedures. Detailed 
laboratory and perioperative findings are presented in Table 2.
At 6 months of follow-up, the overall functional outcome 
following PFN was favorable. More than two-thirds of patients 
achieved excellent or good HHS, while a smaller proportion 
demonstrated fair or poor outcomes. Radiological union was 
achieved in most cases within the expected post-operative 
period (Fig. 1). Functional and radiological outcome measures 
are shown in Table 3.
Most patients experienced an uneventful post-operative course. 
Delayed union was the most common complication observed, 
followed by superficial surgical site infection. Mechanical 
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Figure 1: X-rays of an index case.

Variable Value (%)

Harris hip score at 6 months 85.2±10.7

Time to radiological union (weeks) 15.4±3.2

Excellent outcome 31 (34.4)

Good outcome 35 (38.9)

Fair outcome 16 (17.8)

Poor outcome 8 (8.9)

Excellent/Good combined 66 (73.3)

Fair/Poor combined 24 (26.7)

Table 3: Functional and radiological outcomes following 

PFN

PFN: Proximal femoral nail
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complications such as varus collapse, screw cut-out, and 
implant failure occurred infrequently. The distribution of post-
operative complications is detailed in Table 4.
Patients with fair or poor functional outcomes demonstrated 
significantly higher pre-operative HbA1c levels compared with 
those who achieved excellent or good outcomes. Similarly, both 
NLR and PLR were significantly elevated among patients with 
less favorable post-operative recovery. These findings suggest 

that impaired glycemic control and heightened systemic 
inflammatory status before surgery may adversely influence 
functional outcomes after PFN. Comparative analysis of 
biomarker levels between outcome groups is presented in Table 
5.
Multivariable logistic regression analysis (Table 6) identified 
elevated HbA1c, increased NLR, and increased PLR as 
independent predictors of poor functional outcome at 6 
months. Among these variables, NLR demonstrated the 
strongest association with unfavorable recovery. ROC analysis 
further showed acceptable discriminatory ability of all three 
biomarkers, with NLR exhibiting the highest predictive 

performance. The regression and ROC analyses are 
summarized in Table 7.

Discussion
Intertrochanteric femur fractures represent a major 
orthopedic challenge in elderly patients due to associated 
osteoporosis, comorbidities, and high functional demands. 
In the present prospective study, PFN demonstrated 
favorable functional outcomes, with most patients 
achieving good to excellent HHS at 6 months, consistent 
with current literature supporting PFN as a standard 
fixation modality for unstable proximal femoral fractures 
[9,10].
In our study, the majority of fractures were AO/OTA 31-A2 
type, and low-energy falls were the predominant 
mechanism of injury, reflecting the typical geriatric fracture 
pattern reported in contemporary studies [10]. The high 
union rate and acceptable mean time to radiological healing 
observed in our cohort align with recent evidence 
demonstrating reliable fracture consolidation with 
cephalomedullary devices due to their biomechanical 
advantage and load-sharing properties [11].
Functional outcomes assessed by the HHS were 
satisfactory in most patients, with approximately three-
fourths achieving excellent or good results. Similar 
functional recovery trends have been reported in recent 

Complication n  (%)

Superficial infection 4 (4.4)

Delayed union 6 (6.7)

Varus collapse 3 (3.3)

Screw cut-out 2 (2.2)

Implant failure 1 (1.1)

Reoperation 2 (2.2)

No complication 72 (80.0)

Table 4: Post-operative complications

Variable
Excellent/Good 

(n=66)

Fair/Poor 

(n=24)
P -value

HbA1c (%) 6.51±1.12 8.29±1.34 <0.01

Fasting blood 

sugar (mg/dL)
127.4±34.6 169.2±48.1 <0.01

NLR 3.61±1.29 5.74±1.92 <0.01

PLR 138.7±41.5 187.2±53.4 <0.01

Table 5: Comparison of biomarkers between patients with good 

and poor functional outcomes

NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-

lymphocyte ratio, HbA1c: Glycated hemoglobin

Variable Adjusted OR 95% CI P -value

Age≥70 years 1.89 0.92–3.88 0.081

HbA1c≥7.0% 3.24 1.31–8.01 0.011

NLR>4.5 4.12 1.65–10.27 0.002

PLR>170 2.76 1.09–6.98 0.032

Table 6: Multivariable logistic regression for predictors of 

poor functional outcome

NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-

lymphocyte ratio, HbA1c: Glycated hemoglobin, OR: Odds 

ratio, CI: Confidence interval

Biomarker Cut-off AUC (95% CI)
Sensitivity 

(%)

Specificity 

(%)

HbA1c 7.1 0.746 (0.641–0.851) 75 71.2

NLR 4.6 0.812 (0.719–0.905) 79.2 77.3

PLR 168 0.731 (0.624–0.839) 70.8 72.7

Table 7: ROC analysis for the prediction of poor functional outcome

ROC: Receiver operating characteristic, NLR: Neutrophil-to-lymphocyte 

ratio, PLR: Platelet-to-lymphocyte ratio, HbA1c: Glycated hemoglobin, CI: 

Confidence interval
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prospective and comparative studies evaluating PFN in 
intertrochanteric fractures, where early mobilization and stable 
fixation contributed to improved post-operative rehabilitation 
outcomes [12].
The complication profile in our study was relatively low, with 
delayed union being the most frequent complication. 
Mechanical failures such as screw cut-out and implant failure 
were uncommon. These findings are consistent with recent 
systematic analyses reporting lower complication and 
reoperation rates with intramedullary fixation compared to 
extramedullary devices, particularly in unstable fracture 
patterns [13].
A key observation of this study was the significant association 
between elevated pre-operative HbA1c and poorer functional 
outcomes. Poor glycemic control has been shown to impair 
osteoblastic activity, delay callus formation, and increase 
susceptibility to infection, thereby negatively influencing 
fracture healing and post-operative recovery [14]. HbA1c, as a 
marker of chronic glycemic status, provides a more reliable 
predictor of surgical r isk than single-point glucose 
measurements.
Similarly, inflammatory markers such as NLR and PLR were 
significantly higher in patients with poor outcomes. Recent 
orthopedic trauma studies have demonstrated that elevated 
NLR and PLR reflect systemic inflammatory burden and are 
associated with delayed healing, increased complication rates, 
and poorer functional recovery following fracture fixation 
[15,16]. In the present study, NLR demonstrated the strongest 
predictive value among the studied biomarkers, which is 
consistent with emerging evidence highlighting its role as a 
robust prognostic indicator in orthopedic trauma populations 
[16].
Multivariable analysis confirmed HbA1c, NLR, and PLR as 
independent predictors of poor functional outcome. This 
supports the growing concept that fracture healing is not solely 
dependent on mechanical stability but is also significantly 
influenced by systemic metabolic and inflammatory status. 
Similar predictive models incorporating inflammatory 
biomarkers have shown improved risk stratification in geriatric 
fracture populations [17].

Limitations
This study has several limitations. It was conducted at a single 
tertiary care center with a relatively modest sample size, which 
may limit the generalizability of the findings and the statistical 
power for subgroup analyses. The 6-month follow-up was 
insufficient to assess long-term functional recovery, implant 

survival, fracture union, mortality, and late complications. As a 
prospective observational study, causal relationships cannot be 
established, and residual confounding from unmeasured 
factors, including osteoporosis severity, nutritional status, 
frailty, rehabilitation compliance, and socioeconomic status, 
cannot be excluded. Biomarkers (HbA1c, NLR, and PLR) were 
assessed only pre-operatively, and functional outcome was 
evaluated solely using the HHS without additional patient-
reported or quality-of-life measures. Furthermore, all patients 
underwent PFN; therefore, the findings and proposed 
biomarker cut-off values require validation in larger multicenter 
studies and should not be extrapolated to other treatment 
modalities.

Conclusion
PFN remains an effective and reliable modality for the 
management of intertrochanteric femur fractures, providing 
satisfactory functional and radiological outcomes in the 
majority of patients. However, pre-operative glycemic status, 
NLR, and PLR were found to significantly influence post-
operative recovery, with poorer outcomes observed in patients 
demonstrating suboptimal metabolic control and elevated 
inflammator y markers. These f indings highlight the 
importance of thorough pre-operative optimization and risk 
stratification, as incorporating simple, routinely available 
biomarkers may aid in predicting functional outcomes and 
guiding perioperative decision-making in this patient 
population.

Clinical Message

Proximal femoral nailing provides reliable fixation and favorable 
functional outcomes in most intertrochanteric femur fractures when 
proper reduction and implant positioning are achieved. However, 
patient-related factors significantly influence recovery even when 
the surgical technique is optimal. Elevated pre-operative HbA1c, 
NLR, and PLR are associated with delayed or suboptimal functional 
outcomes and higher complication risk. These routinely available 
parameters can assist in early identification of high-risk patients, 
enabling better perioperative optimization and closer post-operative 
monitoring.
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