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Abstract
Background
We conducted this systematic review to compile the evidence for the role of neutrophil to lymphocyte ratio (NLR) in odontogenic infection (OI) and to determine whether NLR is elevated in patients with OI. This was done to aid physicians in better understanding this condition for clinical management.

Methods
The search was conducted on PubMed, Scopus, and Web of Science libraries on March 30, 2023. Two reviewers independently screened the studies using Endnote software. The Newcastle-Ottawa Scale (NOS) was used to evaluate the quality of the studies.

Results
A total of nine studies were included in the review. Among patients with OI, positive and statistically significant correlations of NLR were seen with more severe disease, a prolonged hospital stay, postoperative requirement of antibiotics, and total antibiotic dose needed. In the receiver operating characteristics (ROC) analysis, the optimum cut–off level of NLR was 5.19 (specificity: 81, sensitivity: 51). In addition, NLR was correlated with preoperative fever (p = 0.001). Among patients with Ludwig’s Angina, NLR could predict disease severity and length of stay in the hospital (p = 0.032 and p = 0.033, respectively). In addition, the relationship between the NLR and mortality was statistically significant (p = 0.026, specificity of 55.5%, and sensitivity of 70.8%). Among patients with severe oral and maxillofacial space infection, a positive correlation was found between IL-6 and CRP with NLR (rs = 0.773, P = 0.005 and rs = 0.556, P = 0.020, respectively). Also, a higher NLR was considered an essential predictor of organ involvement (P = 0.027) and the number of complications (P = 0.001). However, among diabetes mellitus (DM) patients afflicted with submandibular abscesses, NLR had no association with therapeutic response.

Conclusions
Many people around the world suffer from OI, and a cheap and fast biomarker is needed for it. Interestingly, inflammation plays a role in this infection, and elevated NLR levels can be a good biomarker of inflammation and, as a result, for OI progression.
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Background
Generally, it is thought that the incidence of severe odontogenic infections (OI) is decreasing due to several factors. These include advancements in healthcare delivery, availability of antimicrobials, and general improvements in oral hygiene [1, 2]. Dental infections are rather common, with some studies stating that they account for many antibiotic prescriptions. However, if left untreated, they may spread to the maxillofacial and cervical areas, offering worsened possible complications [3, 4].
Identifying individuals with OI who are more likely to have severe outcomes is critical when treating them. These findings may impact dose and treatment efficacy decisions in certain difficult instances. One key prognostic factor is the intensity of the immunoinflammatory response [5]. Numerous ratings that indicate the severity and duration of infections based on parameters collected from basic blood tests have been created [6]. Those characteristics would be particularly useful owing to their ease of availability and low cost. Neutrophil to Lymphocyte Ratio (NLR), C-reactive protein (CRP), and white blood cell (WBC) counts are a few examples of objective evaluation parameters that have been studied; however, the results have been inconsistent [7–9].
NLR is widely available, easily calculated, simple, and sensitive but not highly specific biomarker of inflammation and stress [10]. NLR has been used to predict illness outcomes in cardiovascular disease, cancer, inflammatory bowel disease, and renal disease [11–13]. Although being regularly used in almost all medical specialties today, including surgical fields, emergency care, and infections of the craniofacial region, surprisingly, few studies have been done on this ratio for OI [14]. In individuals who have aberrant inflammatory reactions, NLR is frequently increased. Moreover, in response to systemic inflammation, lymphocytes are redistributed into the lymphatic system, resulting in lymphopenia [15]. This biomarker, which can be determined from a complete blood count, is a sign of active infection [16]. Since neutrophils are regarded as the first line of defense in the innate immune response, resulting in neutrophilia, an increased NLR in a patient with a deep neck space infection is probable.
Since OI is related to inflammation, investigating the NLR in this infection is warranted. If the link between elevated NLR and OI is established, costly tools and resources for diagnosing and treating this condition can be mitigated. We conducted a systematic review to determine the diagnostic and prognostic role of NLR in different aspects of OI, including the severity of the disease, signs, symptoms, length of stay in the hospital, postoperative doses of antibiotics, total antibiotic doses, therapeutic response, mortality, and organ involvement.

Materials and methods
This systematic review was performed based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. We have registered this study in PROSPERO (CRD42024500767). We searched PubMed, Web of Science, and Scopus libraries on March 30, 2023, using keywords (“Neutrophil to lymphocyte ratio“[All Fields] OR “NLR“[All Fields]) AND (“dental“[All Fields] OR “Odontogenic“[All Fields]) AND (“Infection“[All Fields] OR “infections“[MeSH Terms]) with no date or language limitations. Studies attempting to determine the diagnostic role of NLR were checked. We found pertinent studies by manually searching references from all eligible studies, the Science Citation Index Expanded on Web of Science, review articles, and the top 50 citations for each paper using PubMed’s related articles’ feature.
Randomized controlled trials, retrospective or prospective cohort studies, and case-control studies assessing the use of NLR for the risk stratification or identifying OI. Studies including at least 20 participants were eligible. The outcome was NLR’s diagnostic and prognostic role in different aspects of OI, including the severity of disease, signs and symptoms, length of stay in the hospital, postoperative doses of antibiotics, total antibiotic doses, therapeutic response, mortality, and organ involvement. Exclusion criteria were: (1) experimental investigations; (2) articles containing overlapped data; (3) articles without complete data; (4) editorials, case series or case reports, abstracts, and review articles.
Two reviewers independently searched articles to evaluate their relevancy and methodological quality, and they chose all studies that were appropriate for review. Any disagreements about the inclusion or exclusion of articles were cleared up by discussion. The Newcastle-Ottawa Scale (NOS) was used to evaluate the risk of bias. If an article had a NOS score > 5, we defined it as a high-quality study. By using prepared data extraction forms, the following information was collected: [1] the first author’s name; [2] the country of origin; [3] the study design; [4] the year of publication; [5] the NLR level of participants; [6] the number of participants; [7] age; [8] gender; [9] comorbidities; and [10] statistical items including like P-value, odds ratio, best cut off value, and its sensitivity and specificity.

Results
A total of 801 articles were identified through databases and manual searches. Finally, nine articles were included for this review. The article-chosen process is illustrated in Fig. 1. The selected articles comprised two prospective, six retrospective, and one cross-sectional study. The characteristics of the included studies and their risk of bias assessment are summarized in Table 1. One study had a NOS score of six, five had a NOS score of seven, and two had a NOS score of eight. All studies therefore met criteria for high quality.
[image: ]
Fig. 1Flow diagram of includes searches


Table 1General characteristic of included studies


	First author
	Year
	Region
	Design
	Sample size
	Mean age
	Gender (percentage of males)
	Main result
	NOS Score

	Kusumoto et al. [19]
	2022
	Japan
	Retrospective
	Total: 271
Group I (cellulitis): 123
Group II (cellulitis with superficial abscess): 61
Group III (profound abscess): 74
Group IV (NSTI): 13
	Total: 61 (41, 74.5)
Group I: 56 (37, 71.5)
Group II: 59 (40, 77)
Group III: 65 (47.3, 73.8)
Group IV: 73 (41, 75)
	Total: 138 (50.9%)
Group I: 60 (48.8%)
Group II: 35 (57.4%)
Group III: 38 (51.4%)
Group IV: 5 (38.5%)
	CRP + NLR was an effective tool for diagnosing NSTI and decision-making for CT scan performance.
	7

	Pavan et al. [18]
	2020
	Brazil
	Prospective
	Total: 50
Group1(LOS ≤ 3 days): 17
Group2(LOS > 3 days): 33
	Group1: 30.1 ± 15.7
Group2: 32.0 ± 15.6
	Group1: 11 (64.7)
Group2: 22 (66.7)
	NLR showed a statistically significant and positive correlation concerning LOS.
	6

	Silva et al. [24]
	2022
	Brazil
	Prospective
	Total: 66
	Total: 32.7
	a ratio of 1.4:1, with a predominance of male sex
	Higher NLR values were significantly associated with greater involvement of fascial regions.
	7

	Chamora et al. [25]
	2021
	Indonesia
	Retrospective
	Total: 15
Group1(with DM): 6
Group2(without DM): 9
	Group1: 50.33 ± 9.54
Group2: 33.56 ± 17.78
	Group1: 3 (50)
Group2: 6 (66.7)
	The mean NLR of patients with DM was lower than patients without DM, and there was no significant association between NLR and therapeutic responses.
	7

	Dogruel et al. [17]
	2017
	Turkey
	Retrospective
	Total: 93
Group1(LOS ≤ 1 days): 44
Group2(LOS > 1 days): 49
	Total: 14.50 (7.50–32.00)
Group1: 13.00 (8.00–32.00)
Group2: 14.00 (7.00–30.00)
	Total: 49 (52.1)
Group1: 24 (53.3)
Group2: 25 (51.0)
	NLR was positively and statistically correlated with prolonged LOS, postoperative doses of antibiotics, and also total antibiotic doses.
	8

	Sakarozi et al. [20]
	2022
	Indonesia
	Retrospective
	Total: 96
	NA
	Total: 60 (62.5)
	Significant relationships were observed between NLR and severity, LOS, and mortality in Ludwig’s angina patients.
	7

	Gallagher et al. [23]
	2021
	England
	Retrospective
	Total: 161
Group1(LOS ≤ 2 days): 91
Group2(LOS ≥ 3 days): 70
	Total: 38.4 ± 16.8 (5–86)
Group1: 36.1 (5–78)
Group2: 41.4 (8–86)
	Total: 89 (52.7)
Group1: 41 (45.1)
Group2: 48 (68.6)
	NLR can be utilized as a prognostic modality in patients with OI. Patients with NLR ≥ 4.65 are more likely to be hospitalized for two days or more.
	7

	Rosca et al.
 [22]
	2022
	Romania
	Retrospective
	Total: 108
Group1(low-severity infection): 54
Group2(high-severity infection): 54
	Group1: 46.7 ± 17.9 (18–81)
Group2: 51.7 ± 18.1 (20–85)
	Group1: 30 (55.6)
Group2: 36 (66.7)
	NLR values observed no statistical significance between groups. However, in logistic regression analysis adjusted for age, gender, and comorbidities, NLR reached statistical significance.
	8

	Xiaojie et al. [21]
	2021
	China
	Retrospective
	Total: 18
	Total: 54 (16–75)
	Total: 12 (66.6)
	NLR was positively correlated with the number of organ involvement.
	7


NSTI: necrotizing soft tissue infection, CRP: C-reactive protein, NLR: neutrophil to lymphocyte ratio, LOS: length of stay, DM: Diabetes mellitus, NA: not available, OMSI: oral and maxillofacial space infection



In a research published by Dogruel et al. [17], 100 patients with severe OI were retrospectively reviewed to assess the prognostic value of NLR and mean platelet volume (MPV). Based on the length of hospital stay, they divided patients into two groups: Group 1 with a hospital stay of one day or less and Group 2 with more than one day. No statistically significant difference was detected in age and gender (p = 0.925 for age and p = 0.823 for gender). Spearman’s correlation results indicated positive and statistically significant correlations of NLR with a prolonged hospital stay, postoperative antibiotics, and total antibiotic doses. In receiver operating characteristics (ROC) analysis, NLR’s optimum cut–off level was 5.19 (specificity: 81, sensitivity: 51). NLR of group 2 was detected to be 5.19 or higher. Patients were also divided according to the presence of fever, defined as a temperature of 38 °C or more pre- and post-operatively. As a result, NLR was correlated with preoperative fever (p = 0.001).
Pavan et al. [18] implemented a prospective research of 50 cases diagnosed with OI. They aimed to detect the value of vital sign changes and laboratory tests in determining the severity and length of stay (LOS). The authors categorized patients into group 1 and group 2, representing the hospital stays that lasted up to three days and more than three days, respectively. The distribution of cases regarding mean age and sex showed no statistical significance. The average LOS was 2.8 and 6.9 days for groups 1 and 2, respectively. Obtained mean values of all laboratory tests showed statistical significance between groups, apart from ESR (p-value of NLR = 0.044). Spearman’s correlation analysis revealed a positive correlation of LOS with NLR (r = + 0.291, p = 0.041), leukocytosis (r = + 0.284, p = 0.045), neutrophilia (r = + 0.302, p = 0.033), CRP levels (r = + 0.426, p = 0.003), and heart rate (r = + 0.311, p = 0.028). Moreover, the simple regression analysis of the numbers obtained in decreasing order demonstrated that 29.0% of the variation in hospital stay time was related to an increase in NLR.
Kusumoto et al. [19] retrospectively analyzed 271 patients with severe OI to evaluate the efficiency of routine blood tests as an early detective method. Patients were divided into four groups: cellulitis, cellulitis with superficial abscess formation, profound abscess formation, and necrotizing soft tissue infection (NSTI), representing groups I to IV, respectively. There was no significant difference concerning age and gender among these four groups (P = 0.087 for age and P = 0.561 for gender). There was an increasing pattern in all inflammatory and hematologic factors, including WBC, neutrophil, CRP, NLR, CRP + NLR, platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), and the Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC). This was consistent for group I to group IV (P < 0.001), independent from hemoglobin and lymphocyte fraction that tends to decrease. NLR was utilized to calculate SII (platelet count × neutrophil count/lymphocyte count). Moreover, the necessity for contrast-enhanced CT (CECT) was decided based on comparing these parameters between groups I + II and III + IV. They performed a decision tree analysis considering higher amounts of inflammatory and hematologic parameters in groups III + IV than in groups I + II. Decision-making for CECT and differentiation of group III + IV can be determined by SII of ≥ 282 or < 282 but with a CRP + NLR of ≥ 25 because of this analysis.
Sakarozi et al. [20] conducted a retrospective cohort study of 96 patients with Ludwig’s Angina, a submandibular cavity infection with cellulitis that can quickly progress and become life-threatening. They aimed to determine the association between pre-therapy NLR and various prognostic factors in these patients. Regarding gender distribution, males were more likely to develop the condition. ROC analysis illustrated the optimal cut-off value of 16.86 for NLR. Forty-nine samples were with low NLR (< 16.86), and 47 were with high NLR values (≥ 16.86). NLR reached a significant relationship in predicting disease severity and LOS (p = 0.032 and p = 0.033, respectively). This study evaluated mortality status during hospitalization. The relationship between NLR and mortality was statistically significant (p = 0.026, specificity of 55.5%, and sensitivity of 70.8%). Considering Kaplan Meier’s analysis, the low-NLR group’s survival rate was significantly higher than that of the high-NLR group (p = 0.009).
A retrospective study by Xiaojie et al. [21], including 18 patients with severe and extremely severe oral and maxillofacial space infection (OMSI), was carried out to determine the predictive value of NLR and IL-6 in OMSI intensity. Of these 18 patients, 12 had severe OMSI, and 6 had extremely severe OMSI. Correlation analyses demonstrated a positive correlation between IL-6 and CRP with NLR (rs = 0.773, P = 0.005 and rs = 0.556, P = 0.020, respectively). This study also revealed that the number of involved organs correlated positively with NLR (rs = 0.511, P = 0.030). Furthermore, the number of complications positively correlated with NLR values (r = 0.576, P = 0.012). Consequently, a higher NLR was considered an essential predictor of organ involvement (P = 0.027) as well as the number of complications (P = 0.001).
In another retrospective study, Rosca et al. [22] evaluated 108 hospitalized patients with OI to determine whether NLR and CRP were the accurate prognostic tools for OI severity. Considering the severity of the infection, cases were divided into two equal groups: Group A with mild to moderate infections; Group B with moderate to severe infections. Regarding age and sex, no statistically significant differences were found among groups A and B (P = 0.150 and P = 0.236, respectively). In contrast, coming from rural regions (P = 0.019), being afflicted with diabetes mellitus (P < 0.001), and being a smoker (P = 0.028) were more frequent in group B compared to group A. Regarding the infection characteristics among patients, abscesses comprise 70.4% of infections in group A, while associations of abscesses and cellulitis were responsible for 55.6% of infections in group B (P < 0.001). Moreover, group B had more patients developing sepsis than group A (p-value = 0.030). Severity evaluations were calculated according to SII and the Symptom Severity score (SS). SII and SS scores were significantly higher in group B patients (P < 0.001). Likewise, tested biomarkers, including the CRP-NLR association, showed higher scores in patients of group B (median score of 341.4 vs. 79.0 in group A, P < 0.001). No statistical significance prior to logistic regression was seen for NLR between groups A and B (P = 0.019). However, in logistic regression analysis adjusted for age, gender, and comorbidities, NLR reached statistical significance with an odds ratio of 4.46 (95% CI = (3.53–5.40), P < 0.001), and the CRP-NLR association accounted for a 7.28 (95% CI = (4.83–10.16), P < 0.001) higher risk for severe OI.
In parallel, Gallagher et al. [23] retrospectively enrolled 161 patients with deep neck space infections of odontogenic origin and divided them based on the LOS: Group 1 consisted of 91 patients admitted for zero to two days, Group 2 with 70 patients admitted for three or more days. The male gender was statistically significant (p = 0.03). In contrast, no statistical significance was found between groups regarding age evaluation (p = 0.47). The mean days of LOS were 2.9 ± 3.2 (range: 0.5–35), and the mean values of admission NLR were 7.5 ± 7.7. According to Spearman’s correlation test, admission NLR showed a positive correlation with LOS (r = 0.30, p ≤ 0.01). In the ROC analysis, the best cut-off value of NLR to predict a LOS ≥ two days was 4.65 (test specificity = 61.5%, test sensitivity = 61.4%). In addition, a cut-off of 11.75 for NLR predicted admission in ICU with 82.6% specificity and 66.7% sensitivity.
Silva et al. [24] prospectively collected 66 hospitalized patients with OI, aiming to detect the possible correlations between computed tomographic findings of involved fascial spaces and laboratory markers, length of hospital stays, and Intensive Care Unit (ICU) admission. The mean LOS was 4.3 days. The involvement of 240 fascial spaces was observed in this study, with a mean of 3.63 spaces per patient. Submandibular 65 (27.1%), buccal 50 (20.8%), and sublingual 44 (18.3%) were the first three involved spaces. Higher levels of neutrophils (p = 0.001), NLR (p < 0.001), and CRP (p < 0.001) were associated with more significant numbers of involved spaces. The mean LOS progressively increased regarding the number of involved fascial spaces. Also, the need for ICU admission and the number of fascial spaces revealed a significant difference (p < 0.001).
An analytic observational study by Chamora et al. [25] was performed to identify NLR correlation with LOS among two groups of patients with and without diabetes mellitus (DM) afflicted with submandibular abscesses. Of 15 patients, six were in the DM group, and nine were in the non-DM group. The mean age of DM patients was higher than non-DM participants (50.33 ± 9.54 years and 33.56 ± 17.78 years, respectively). In addition, the male-to-female ratio of DM patients was 1:1, compared to 2:1 for patients without DM. For DM participants, the mean length of hospital stay was 7.83 + 1.47, and for non-DM participants, it was 8.22 + 2.86. Considering the therapeutic response, assessments were based on LOS, defining a good response as LOS ≤ 7 days. The mean NLR of the non-DM group was higher than for patients with DM (16.53 ± 11 and 7.65 ± 4.92, respectively). However, this lower value in the DM group did not lead to a better therapeutic response. In this study, contrary to previous studies, the comparison of NLR between DM and non-DM patients for therapeutic responses did not reach statistical significance (p = 0.88 for the DM group and p = 0.5 for, respectively).

Discussion
The main findings of our review are as follows: NLR had a significant and positive correlation with length of stay in hospital, disease severity, and the number of organ involvement.
As previously discussed, OI is one of the major dental and periodontal disorders worldwide, with significant financial impacts for patients [26]; as a result, an inexpensive and rapid biomarker is required to diagnose this disease efficiently and early. Notably, OI is influenced by inflammation, and high NLR values can be a helpful marker for inflammation. Therefore, it serves as a key contributor regarding active infection [19, 27].
Primarily, recognizing the relationship between NLR and this disease is related to a comprehensive understanding of the role of neutrophils and lymphocytes in OI. NLR is a primary ratio between regulatory immune cells, proinflammatory cells, neutrophils, and lymphocytes. Consequently, a higher NLR represents a higher level of inflammation, which can lead to infection development or severity. Neutrophilia and lymphocytopenia are indicators of the body’s response to bacterial infections. The NLR ratio, an effective biomarker for detecting bacterial infections, verified the link between inflammatory cells [28]. This ratio is less than or equal to 5 in a physiological setting, and when infection or severe inflammation is present, the value is greater than 6 [15].
Neutrophils are the most dominant leukocytes in natural immunity, and these types of cells increase under systemic inflammation. They are crucial components of the body’s response to bacterial infections and can phagocytize and kill microbes in the condition of infection. NLR values in infected patients predict bacteremia [20]. Baglam et al. revealed that patients with tonsillitis and deep neck space infection (DNSI) had higher values of NLR [29]. Therefore, NLR may be utilized as a simple, relatively cheap, and practical test to identify complications and complications in neck infections.
Previously, lymphocytopenia was accepted as an indicator of bacteremia but was not widely defined as an infection sign. Regarding the mechanism causing lymphocytopenia in sepsis and septic shock, the redistribution and margination of lymphocytes in the lymphatic system and apoptosis can be considered. Apoptosis is a condition that promotes sepsis. Persistent lymphocytopenia and neck infection risks result from lymphocyte apoptosis that develops rapidly in patients’ blood in septic shock [30]. Although multiple possible explanations exist, the underlying cause of the elevated NLR related to poor outcomes in patients with sepsis remains unknown. The physiological link between neutrophilia and lymphopenia during systemic stress and inflammation could be one of the plausible explanations. The growth in neutrophil production by the medulla and the reduction in the number of lymphocytes by apoptosis is due to insufficient eradication of the infectious nidus and persistent infection [31]. The severity of neutrophilia and lymphocytopenia in patients with systemic infection or inflammation closely correlates to the injury’s intensity, clinical status, and clinical outcome [15]. This admits that NLR can be applied as a diagnostic modality, assessing the infection intensity in patients with OI. Patients suffering from more intense infections and sepsis need prolonged hospitalizations. NLR values are expected to be used as diagnostic guidance in predicting patients afflicted with OI who may require a more extended stay in the hospital. NLR has been extensively studied as a test that can be a possible diagnostic tool for predicting mortality, host inflammatory responses, and chemotherapy responses [32–34]. One prospective cohort study identified high NLR as an independent prognostic modality of mortality in critically ill patients during the hospital stay and six months post-treatment [35]. Similarly, another study explained that the NLR value at presentation to the emergency room independently predicted 28-day mortality in cases with severe sepsis or septic shock [36]. Prior studies also demonstrated that first-admission NLR was significantly lower in patients who died before day 5 of a septic shock onset than those who survived [37, 38].
Limitations
Our present study has several limitations that are worth mentioning. Primarily, the included studies in this review were limited by small sample sizes, leading to dissimilarities. Another relevant issue is that our findings may need more consistency to draw a concrete result. Studies with more participants will be essential to confirm the connection between NLR and OI. Another limitation was due to the retrospective design of most studies, as this type of study is dependent on medical records from the past, and the validity of these records is under debate.

Conclusion
The results of our study support the link between NLR values and OI, and this ratio increases in affected patients. Our findings suggest that NLR could be a helpful modality that is easily obtained through a simple blood test. Early identification can aid in therapeutic interventions that tend to assist in preventing and treating OI and lowering long-term morbidity and mortality.
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