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Abstract: This study investigated whether femoral nerve block (FNB) reduces postoperative systemic
inflammation, as measured by the neutrophil-to-lymphocyte ratio (NLR), in patients undergoing total
knee arthroplasty (TKA) under spinal anesthesia. It was hypothesized that FNB would mitigate the
inflammatory response by alleviating pain and surgical stress. In this retrospective cohort study, data from
199 patients who underwent unilateral TKA between January 1 and December 1, 2024, were analyzed.
Patients were divided into two groups: Group F (n=97), who received spinal anesthesia combined with
femoral nerve block (FNB), and Group C (n=102), who received spinal anesthesia with standard
analgesia only. Preoperative and 24-hour postoperative NLR values were obtained from complete blood
counts. Statistical analysis was performed using IBM SPSS Statistics 26.0. The independent samples t-
test or Mann-Whitney U test was used, depending on data distribution. Baseline NLR values were similar
between groups (Group C: 1.85, Group F: 2.08; p=0.255). Postoperatively, NLR increased significantly in
both groups; however, the increase was significantly lower in Group F (Group C: 9.15 vs. Group F: 5.58;
p<0.001). The percentage increase in NLR was 356.58% in Group C and 170.99% in Group F (p<0.001),
indicating a markedly attenuated inflammatory response in patients receiving FNB. FNB significantly
reduces the postoperative rise in NLR in patients undergoing TKA under spinal anesthesia. This effect
may result from both superior pain control and the anti-inflammatory properties of local anesthetics.
These findings suggest that FNB may enhance recovery beyond analgesia by modulating the surgical
stress response.

Keywords: Total knee arthroplasty, femoral nerve block, neutrophil-to-lymphocyte ratio, inflammation,
spinal anesthesia.

Ozet: Bu galigma, spinal anestezi altinda total diz artroplastisi (TDA) uygulanan hastalarda femoral sinir
blogunun (FSB) nétrofil lenfosit oran1 (NLR) tizerindeki etkisini incelemeyi hedeflemistir. NLR, cerrahi
sonrasi sistemik inflamasyonun bir géstergesi olarak kullanilmigtir. FSB’nin postoperatif agr1 ve stres
yanitin1  azaltarak inflamasyonu hafifletecegi ve NLR’de diisiis saglayacagi iddia edilmektedir.
Yontemler: Retrospektif kohort analizi, 1 Ocak 2024 - 1 Aralik 2024 tarihleri arasinda tek tarafli TDA
geciren 199 hasta. Grup F (n=97): Spinal anestezi + FSB uygulanan hastalar, Grup K (n=102): Sadece
spinal anestezi ile standart analjezi alan hastalar. Preoperatif ve postoperatif 24. saatte NLR degerleri tam
kan sayimindan hesaplandi. Istatistiksel analizler i¢in IBM SPSS Statistics 26.0 (IBM Corp., Armonk,
NY, ABD) yazilim: kullanildi. Gruplarin karsilastirilmasinda; verilerin dagilimma gore bagimsiz
orneklem t testi veya Mann-Whitney U testi kullanildi. Preoperatif NLR gruplar arasinda benzerdi (Grup
K: 1.85, Grup F: 2.08, p=0.255). Postoperatif NLR: Grup K’da 9.15e yiikselirken Grup F’de 5.58 olarak
kald1 (p<0,001).NLR artig oran: Grup K’da %356.58 iken Grup F’de %170.99 (p<0.001) olarak bulundu.
FSB uygulanan hastalarda NLR artigt anlaml derecede daha azdi, bu da inflamasyonun baskilandigim
gostermektedir. Femoral sinir blogu, TDA sonrasi cerrahi stres ve inflamasyonu azaltarak NLR’de
belirgin bir diisiis saglayabilir. Bu etki, FSB’nin etkili agr1 kontrolii ile stres yanitini sinirlamasi ve lokal
anesteziklerin antienflamatuar 6zelliklerinden kaynaklanabilir. Bulgular, FSB’nin analjezik faydasinin
Otesinde iyilesme siirecini olumlu etkileyebilecegini diisiindiirmektedir.

Anahtar Kelimeler: Total diz artroplastisi, femoral sinir blogu, nétrofil lenfosit orani, inflamasyon,
spinal anestezi
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1. Introduction

Total knee arthroplasty (TKA) is a widely
performed surgical intervention used to restore
joint function and alleviate pain when severe
knee joint damage cannot be managed with

conservative treatments. Despite its
effectiveness,  patients  often  experience
moderate to severe pain in the early

postoperative period, which can negatively
impact rehabilitation, patient satisfaction, and
overall surgical outcomes. Although opioids
have long been a mainstay in perioperative pain
management due to their strong analgesic
properties, their use is linked to several side
effects, including nausea, respiratory depression,
urinary retention, and the risk of dependency.
As a result, multimodal analgesia—an approach
that integrates multiple techniques and
medications to optimize pain control— has
become the preferred strategy for managing
perioperative pain in TKA (1,2). This approach
includes preemptive analgesia, central neuraxial
blocks (such as spinal anesthesia), peripheral
nerve blocks, patient-controlled analgesia, local
infiltration, and combinations of opioid and non-
opioid medications. Together, these methods
aim to enhance pain relief, support faster
recovery, and minimize opioid requirements (1).

A key component of multimodal analgesia,
femoral nerve block (FNB), is a regional
anesthesia technique frequently employed in
knee surgeries. Temporary blockade of the
femoral nerve using local anesthetics effectively
reduces surgical pain, particularly in the anterior
knee region, thereby decreasing opioid
requirements and their associated side effects
(3,4). In recent years, regional anesthesia
techniques have gained attention not only for
their analgesic effects but also for their
influence on surgical stress and inflammation.
Some experimental and clinical studies suggest
that peripheral nerve blocks may modulate the
inflammatory response to surgery. For instance,
in an animal model, peripheral nerve block was
shown to enhance acute inflammatory responses
to surgical incision (5). Conversely, continuous
peripheral block techniques have been reported
to reduce inflammatory markers (6,7),
highlighting the potential of peripheral nerve
blocks to influence inflammation and immune
response.

The neutrophil-to-lymphocyte ratio (NLR), a
simple and widely available laboratory marker,
is calculated from complete blood count data
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and reflects the ratio of neutrophils to
lymphocytes. First described by Zahorec in
2001, NLR is considered an indicator of
systemic inflammation and stress, reflecting the
balance between neutrophilia and lymphopenia
(8). In response to major surgery, trauma, sepsis,
or shock, neutrophil counts typically increase
while lymphocyte counts decrease, resulting in
an elevated NLR. NLR has demonstrated
prognostic and predictive value in various
clinical contexts, including cardiovascular risk
assessment, tumor burden and prognosis in
cancer, and diagnosis and prognosis in sepsis
and infections (9-14). In healthy adults, the
average NLR has been reported to be
approximately 1.65, with a 95% confidence
interval ranging from 0.78 to 3.53 (15).

Postoperative pain is closely associated with
tissue injury and inflammation. Experimental
studies have shown that systemic inflammation
increases pain sensitivity and lowers the pain
threshold in humans (16). Moreover, severe
acute pain can exacerbate stress responses and
suppress immune function, negatively impacting
recovery (7). Therefore, effective control of
postoperative pain is essential for both patient
comfort and reduction of the surgical stress
response. In this context, the femoral nerve
block administered after TKA may not only
relieve pain but also attenuate the inflammatory
response induced by surgery.

The present study aimed to investigate the effect
of femoral nerve block on NLR as a marker of
postoperative  inflammation  in  patients
undergoing TKA. We compared postoperative
NLR values between patients who received
femoral nerve block and those who did not, all
of whom underwent spinal anesthesia. Our
hypothesis was that femoral nerve block would
reduce systemic inflammatory response by
mitigating postoperative pain and stress, leading
to a significant decrease in NLR values.

2. Materials and Methods

Study Design and Sample: This retrospective
study was based on data collected from patients
who underwent unilateral total knee arthroplasty
(TKA) in the Orthopedics Department of our
hospital between January 1 and December 1,
2024. Ethical approval from the institutional
review board and necessary institutional
permissions were obtained (Decision No:
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2024/012). The inclusion criteria consisted of
patients aged between 18 and 80 years who
underwent elective primary TKA under spinal
anesthesia. Patients were excluded if they had
malignancy, sepsis, underwent emergency
surgery, experienced thromboembolic events,
had multiple trauma, severe respiratory failure,
or a history of pneumonia. A total of 199
patients who met the inclusion criteria were
enrolled in the study.

Data Collection

Demographic data, anesthesia and surgical
records, and laboratory findings were
retrospectively reviewed from the hospital's
electronic medical records. For each patient,
preoperative neutrophil and lymphocyte counts,
along with NLR values, were recorded based on
blood tests performed at hospital admission.
Similarly, neutrophil, lymphocyte, and NLR
values within the first 24 postoperative hours
were noted. In accordance with the institutional
protocol, all patients who received spinal
anesthesia as the primary anesthetic technique
had been administered hyperbaric bupivacaine.
In patients who underwent a single-shot femoral
nerve block, the procedure had also been
performed in line with the institutional
protocol—immediately after the completion of
surgery, while the patient was still on the
operating table, under sterile conditions and
with ultrasound guidance, using 20 mL of
0.25% bupivacaine. Based on the analgesic
method, patients were divided into two groups:
those who received a femoral nerve block after
spinal anesthesia (Group F) and those who

Patients assessed for

eligibility
(n=218)

lﬁ

Patients included in the

study

(n=199)

received standard analgesia without a femoral
block (Group C).

Statistical Analysis

Sample size was determined based on a power
analysis targeting 80% power and 5% alpha
error to detect a significant difference. Statistical
analysis was performed using IBM SPSS
Statistics 26.0 (IBM Corp., Armonk, NY, USA).
Normality of distribution for continuous
variables was assessed with the Kolmogorov-
Smirnov test. Data were expressed as mean +
standard deviation for normally distributed
variables and as median (25th-75th percentile)
for  non-normally  distributed  variables.
Categorical variables were presented as
frequencies and percentages. The independent
samples t-test or Mann-Whitney U test was used
for between-group comparisons of continuous
variables, depending on distribution. Categorical
variables were analyzed using Pearson’s chi-
square test or Fisher’s exact test. A p-value
<0.05 was considered statistically significant.

3. Results

In this retrospective study, a total of 218 patients
were evaluated. Nineteen patients who did not
meet the eligibility criteria or had incomplete
data were excluded from the study. The
remaining 199 patients were included and
divided into two groups based on the anesthesia
technique used: 102 patients who received
spinal anesthesia alone were assigned to Group
C, while 97 patients who received spinal
anesthesia combined with a femoral nerve block
were assigned to Group F (Figure 1).

Excluded dueto
ineligibility or
incomplete daha(n=19)

N

Group F
Femoral Nerve Block +
Spinal Anesthesia
(m=97)

Figure 1. Study flowchart

Group C
Spinal Anesthesia Only
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The average age of the patients was around 65
years, and 74% of the study population were
female. There were no statistically significant
differences between Group F (n = 97) and

Table 1. Demographic Characteristics of the Patients

Group C (n = 102) regarding age, gender
distribution, ASA classification, or comorbid
conditions such as diabetes and hypertension
(all p-values > 0.05; Table 1).

Characteristic Group C (n=102) Group F (n=97) p value
Age (years) 64+7 65+8 0.717+
Sex 0.780*
Female 75 (73.5%) 73 (75.3%)

Male 27 (26.5%) 24 (24.7%)

ASA Classification 0.111*
ASA | 16 (15.7%) 24 (24.7%)

ASA 11 86 (84.3%) 73 (75.3%)

Coronary artery 4 (3.9%) 5 (5.2%) 0.743**
disease

Respiratory disease 8 (7.8%) 11 (11.3%) 0.401*
Hypertension 54 (52.9%) 39 (40.2%) 0.072*
Diabetes mellitus 29 (28.4%) 19 (19.6%) 0.145*

Data are presented as mean + standard deviation or n (%). ASA: American Society of Anesthesiologists

physical status classification.
# Independent samples t-test
* Chi-square test

** Fisher’s exact test

Preoperative and postoperative NLR values are
presented in Table 2. There was no significant
difference in preoperative NLR values between
the groups (p=0.255). However, at 24 hours
postoperatively, the median NLR in Group C

increased markedly to 9.15 (5.99-13.12), while
in Group F it remained lower at 5.58 (3.89—
7.58), a statistically significant difference
(p<0.001).

Table 2. Neutrophil-to-Lymphocyte Parameters of the Patients

Neutrophil/Lymphocyte Group C (n=102) Group F (n=97) p value
Ratio

Preoperative 1.85 (1.5-2.66) 2.08 (1.58-2.67) 0.255
Postoperative (24th hr) 9.15 (5.99-13.12) 5.58 (3.89-7.58) <0.001

Percentage Change (%)

356.58 (190.57-626.23)

170.99 (59.47-300.27) <0.001
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Data are presented as median (25th—75th percentile).
Mann-Whitney U test was used. Percentage change
= 100 x (Postoperative — Preoperative) /
Preoperative  Although both groups exhibited
increased NLR values postoperatively compared to
baseline, the rate of increase was significantly higher
in the control group. The median percentage
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2 30
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Preoperative

increase in NLR was 356.6% (190.6-626.2) in
Group C and 171.0% (59.5-300.3) in Group F
(p<0.001). These findings suggest that patients who
did not receive FNB experienced approximately
twice the increase in NLR compared to those who
did (Figure 2).

—_— Group K
— Group F

Postoperative

Time

Figure 2. Neutrophil-to-Lymphocyte Parameters Over Time.

4. Discussion

This study demonstrated that the addition of femoral
nerve block in patients undergoing TKA under
spinal anesthesia significantly reduced postoperative
NLR values, a marker of systemic inflammation.
Patients who received FNB had notably lower
postoperative NLR compared to those who did not,
indicating that while spinal anesthesia alone partially
suppresses surgical stress, additional peripheral
nerve block further limits NLR elevation. Our
findings suggest that femoral nerve block, in
addition to its analgesic effect, may help mitigate the
inflammatory response to surgery.

Surgical trauma triggers a cascade of immunological
changes. Neutrophil counts increase rapidly due to
lysosomal enzyme release, bone  marrow
mobilization, and delayed apoptosis, while
lymphocyte counts decline due to migration to
peripheral tissues and apoptosis (8). This concurrent
neutrophilia and lymphopenia lead to a marked rise
in NLR within the first 24 hours postoperatively. In
major surgeries, neutrophil percentages may exceed
80% and lymphocytes drop below 10% (8). Elevated
NLR correlates with the severity of surgical stress
and clinical outcomes. HigherNLR values
areassociated with more severe surgical trauma or
sepsis, reflecting the intensity of the stress response

(8,17). In our study, the control group exhibited
nearly a four-fold increase in NLR following TKA,
confirming a substantial systemic inflammatory
response. In contrast, the FNB group had only a two-
fold increase, suggesting reduced surgical stress.

The preoperative NLR values observed in both
groups (Group C: ~1.85, Group F: ~2.08) were
consistent with reference ranges reported in the
literature. In a study by Forget et al., the normal
NLR range in healthy adults was reported as 0.78-
3.53, with an average of approximately 1.65 (15).
Both groups in our study were within this normal
range preoperatively, indicating comparable baseline
inflammatory status. Postoperatively, while NLR
increased in both groups, Group C exceeded the
normal range substantially, reaching a median value
of 9, whereas Group F showed a more moderate
increase with a median of 5.6. NLR values above 5
are generally considered indicative of significant
systemic inflammation (13, 14). Thus, patients in the
control group appeared to experience a higher
inflammatory burden compared to those who
received FNB.

Anesthetic technique is known to influence surgical
stress and inflammatory responses. General
anesthesia (GA) may provoke a strong
neuroendocrine stress response due to intubation,
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surgical awareness, and systemic drug effects,
whereas regional techniques like spinal anesthesia
(SA) may attenuate inflammatory responses by
limiting afferent signaling to the medulla and
reducing sympathetic activity (18). In a study by
Hadimoglu et al. on cesarean deliveries, patients
under GA exhibited significantly higher levels of IL-
6 and NLR compared to those under SA (16).
Similarly, a recent retrospective study by Bengii
Koksal et al. showed that patients undergoing upper
extremity surgery under general anesthesia had
significantly higher postoperative NLR values (mean
6.12) than those who received infraclavicular
peripheral nerve block (mean 3.82) (7). The authors
emphasized that better analgesia and reduced opioid
use in the nerve block group may positively
influence immune response. They proposed that the
superior pain control and anti-inflammatory effects
of local anesthetics help suppress excessive
inflammatory responses to surgery (7). These
findings support the notion that regional anesthesia
techniques, whether central or peripheral, can help
reduce systemic inflammation.

Our study adds a novel perspective to the existing
literature by demonstrating the additional anti-
inflammatory benefit of peripheral nerve block when
used in conjunction with spinal anesthesia. Previous
studies comparing GA with SA or GA with
peripheral nerve block had shown reduced NLR with
regional techniques (7,16,18). In our study, all
patients received SA, which already limits surgical
stress, yet the addition of FNB further reduced NLR.
This finding underscores the value of combining
effective analgesic methods such as FNB with
regional anesthesia to attenuate the inflammatory
response. Lower pain scores and reduced
intraoperative/postoperative opioid requirements in
the FNB group may have contributed to lower stress

REFERENCES

1. LiJW, Ma YS, Xiao LK. Postoperative Pain
Management in Total Knee Arthroplasty.
Orthop Surg. 2019;11(5):755-761.

2. Fillingham, Y. A., Hannon, C. P., Kopp, S. L.,
Austin, M. S., Sershon, R. A., Stronach, B. M.,
... & Della Valle, C. J. (2022). The efficacy and
safety of regional nerve blocks in total knee
arthroplasty:  systematic review and direct
meta-analysis. The Journal of arthroplasty,
37(10), 1906-1921.

3. Chan EY, Fransen M, Parker DA, Assam PN,
Chua N. Femoral nerve blocks for acute

postoperative pain after knee replacement

hormone and pro-inflammatory cytokine levels.
Moreover, local anesthetics are known to have anti-
inflammatory effects by modulating neutrophil and
macrophage activity in addition to blocking nerve
conduction. These mechanisms likely underlie the
reduced neutrophilic response and lymphopenia
observed in patients who received FNB.

Limitations

Our study had some limitations. Firstly,
inflammation was assessed solely using the
neutrophil-to-lymphocyte  ratio (NLR); other

inflammatory markers, such as C-reactive protein
(CRP) and interleukin-6 (IL-6), were not included in
the evaluation. Incorporating these additional
markers might have offered a more comprehensive
view of the inflammatory response. However, there
is substantial evidence in the literature supporting
the link between NLR and systemic inflammation,
and our results were interpreted within this
framework. Secondly, due to the retrospective nature
of the study, precise documentation of sensory block
durations related to spinal and femoral blocks, as
well as quantitative pain scores (e.g, VAS), was not
consistently available. However, the analgesic effect
of the femoral nerve block was evaluated based on
clinical observations, institutional standards, and
supported by findings from previous literature.

5. Conclusion

In patients undergoing total knee arthroplasty under
spinal anesthesia, the addition of femoral nerve
block was associated with a significant reduction in
postoperative NLR levels, a hematological marker of
surgical stress. Through effective pain control and
attenuation of the inflammatory response, peripheral
nerve blocks may contribute positively to recovery
in patients undergoing major orthopedic surgery.

surgery. Cochrane Database Rev.
2014;2014(5):CD009941.

4. Duarte, V. M., Fallis, W. M., Slonowsky, D.,
Kwarteng, K., & Yeung, C. K. (2006).

Effectiveness of femoral nerve blockade for

Syst

pain control after total knee arthroplasty.
Journal of PeriAnesthesia Nursing, 21(5), 311-
316.

5. Yamada T, Hasegawa-Moriyama M, Kurimoto
T, Saito T. Peripheral Nerve Block Facilitates
Acute Inflammatory Responses Induced by
Surgical Incision in Mice. Reg Anesth Pain
Med. 2016;41(2):171- 176.

801



10.

11.

Osmangazi Tip Dergisi, 2025

Aguirre J, del Moral A, Cobo I, Blumenthal S.
The role of continuous peripheral nerve blocks.
Anesthesiol Res Pract. 2012;2012:560879.
Koksal BG, Bollucuoglu K, Sahin E, Bayram
MG, Kiigiikosman G, Ayoglu H. The effect of
anesthesia
lymphocyte
forearm

methods on the neutrophil-
ratio in patients undergoing
surgery: A monocentric  and
retrospective  study. Medicine (Baltimore).
2024;103(43):¢40290.

Zahorec R. Ratio of neutrophil to lymphocyte
counts — rapid and simple parameter of
systemic inflammation and stress in critically
ill. Bratisl Lek Listy. 2001;102(1):5-14.

Islam MM, Satici MO, Eroglu SE. Unraveling
the clinical significance and prognostic value of
the neutrophil-to-lymphocyte ratio, platelet-to-
lymphocyte
inflammation

ratio, systemic ~ immune-
index, systemic inflammation
response index, and delta neutrophil index: An
extensive literature

Med. 2024;24(1):8-19.
Shah N, Parikh V, Patel N, Patel N, Badheka A,
Deshmukh A, et al. Neutrophil lymphocyte

ratio significantly improves the Framingham

review. Turk J Emerg

risk score in prediction of coronary heart
disease mortality: Insights from the national
health and nutrition examination survey-III. Int
J Cardiol 2014;171:390-7.

Dentali F, Nigro O, Squizzato A, Gianni M,
Zuretti F, Grandi AM, et al. Impact of
neutrophils to lymphocytes ratio on major
clinical outcomes in patients with acute
coronary syndromes: A systematic review and

12.

13.

14.

15.

16.

17.

18.

meta-analysis of the literature. Int J Cardiol
2018;266:31-7.

Howard R, Kanetsky PA, Egan KM. Exploring
the prognostic value of
lymphocyte ratio in
2019;9:19673.

Dragoescu AN, Padureanu V, Stanculescu AD,
Chiutu LC, Tomescu P, Geormaneanu C, et al.
Neutrophil to lymphocyte ratio (NLR)-a useful
tool for the prognosis of sepsis in the ICU.
Biomedicines 2021;10:75.

Hwang SY, Shin TG, Jo 1J, Jeon K, Suh GY,
Lee TR, et al. Neutrophil-to-lymphocyte ratio
as a prognostic marker in critically-ill septic
patients. Am J Emerg Med 2017;35:234-9.
Forget P, Khalifa C, Defour JP, Latinne D, Van
Pel MC, De Kock M. What is the normal value
of the neutrophil-to-lymphocyte ratio? BMC
Res Notes. 2017;10(1):12.

Hadimioglu N, Ertug Z, Yegin A, et al
Comparison of the effects of general and spinal

the neutrophil-to-
cancer. Sci  Rep

anesthesia on the inflammatory response in
cesarean section. J Anesth. 2009;23(1):34-40.
Riché, F., Gayat, E., Barthélémy, R., Le Dorze,
M., Matéo, J., & Payen, D. (2015). Reversal of
neutrophil-to-lymphocyte count ratio in early
versus late death from septic shock. Critical
Care, 19, 1-10.

Surhonne N, Hebri C, Kannan S, Duggappa D,
Rs R, Mapari CG. The effect of anesthetic
techniques on neutrophil to lymphocyte ratio in
patients undergoing infraumbilical surgeries.
Korean J Anesthesiol. 2019;72:458-465.

©Copyright 2025 by Osmangazi Tip Dergisi - Available online at tip.ogu.edu.tr©Telif Hakki 2025 ESOGU Tip Fakilltesi - Makale metnine dergipark.org.tr/otdweb

sayfasindan ulasilabilir.

802


http://www.cocukenfeksiyon.org/
http://www.cocukenfeksiyon.org/

