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Objective. The diagnostic value of neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-
lymphocyte ratio (PLR) in predicting fracture-related infection (FRI) in tibia fracture patients remains to be explored. Methods. A
retrospective controlled study was carried out with 170 tibia FRI patients and 162 control subjects. The following information was
evaluated at admission: age, gender, clinical features, number of white blood cells (WBCs), neutrophils, lymphocytes, monocytes,
red blood cells (RBCs), platelets, level of hemoglobin, C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR), as well
as NLR, MLR, and PLR. Results. The number of lymphocytes, RBCs, and platelets in the FRI group was higher than those in the
control group, while the number of neutrophils and ESR level was lower (P < 0.05). The level of NLR and MLR was significantly
lower in patients with tibia FRI than in control subjects (P < 0.05). Both indicators were positively correlated with WBCs, CRP
level, and ESR level (P <0.001). The results of logistic regression analysis showed that five variables including NLR, MLR,
platelets, fracture pattern (closed or open fracture), and site pattern (single or multiple site) were used to construct the FRI risk
predictor. The ROC curve analysis result showed that FRI risk predictor yielded the highest AUC, with a sensitivity of 91.2%
and a specificity of 90.1%, and made the distinction efficiently between tibia FRI patients and non-FRI patients. Conclusion.
NLR and MLR were decreased in tibia FRI patients compared to non-FRI patients. Both indicators had a positive correlation
with WBCs, CRP level, and ESR level. FRI risk predictor constructed based on five variables including NLR and MLR had a
high diagnostic value for tibia FRI.
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1. Introduction

Fracture-related infection (FRI) is a serious and complex
consequence related to bone injury [1], which brings an
enormous financial burden and even great psychological
pressure to patients and their families. The tibia is the most
commonly affected bone (64%) [2]. Tibia fractures have a
high risk of developing FRI ranging from approximately
26% to 61% in China [3-7], especially those with high-
energy trauma, open fracture, and multiple sites injury.

Due to the diversity of clinical manifestations of FRI, there
is a lack of unique and typical clinical symptoms, especially in
the early postoperative period [8]. It is worth noting that the
uncertainty of the early diagnosis in these patients may hinder
the early and appropriate treatment, often leading to the
chronic development of FRI. Therefore, in addition to routine
medical history taking and physical examination, the detec-
tion of inflammatory markers, including white blood cells
(WBCs), C-reactive protein (CRP), and erythrocyte sedimen-
tation rate (ESR), is also indispensable to provide clues for the
early diagnosis of FRI. However, a latest meta-analysis shows
that the diagnostic value of these 3 markers is limited [9].
The FRI Consensus Group recommends that abnormal eleva-
tions of these inflammatory markers be used as a suggestive
criterion for the diagnosis of FRI [1]. This indicates that there
is an urgent need for novel inflammatory markers for the diag-
nosis of FRI at an earlier disease stage.

Many cells in the blood, such as neutrophils, lymphocytes,
and monocytes, play a vital role in the innate immune defense
process against pathogen invasion. Recently, growing evidence
has indicated that neutrophil-to-lymphocyte ratio (NLR),
monocyte-to-lymphocyte ratio (MLR), and platelet-to-
lymphocyte ratio (PLR) can be used as effective and inexpensive
makers in the diagnosis of many inflammatory and immune
diseases including fever caused by bacterial infection [10], inci-
dent TB infection [11], community-acquired pneumonia [12],
critically ill patients with secondary sepsis and/or trauma [13],
and peripheral arterial disease, peripheral neuropathy, osteomy-
elitis, and need for amputation in diabetic foot infection [14].
Similarly, the expression levels of NLR, PLR, and MPV in
autoimmune diseases such as systemic lupus erythematosus,
rheumatoid arthritis, and ankylosing spondylitis and their rela-
tionship with disease severity and treatment prognosis have also
been extensive investigations [15-20].

Bone fractures are associated with inflammation [21]. Sys-
temically, changes in NLR, PLR, and MLR represent primary
responses to early inflammation and infection. When com-
pared with healthy controls, patients with humeral, femoral,
and tibial diaphyseal fractures had significantly higher neutro-
phil numbers, NLR, and lower thrombocyte numbers [22].
Elevated NLR appeared to predict more severe tibial plateau
fractures [23]. In patients with intertrochanteric fractures
older than 90 years treated with proximal femoral nailing,
WBC, NLR, and PLR values were also elevated but were not
significantly correlated with survival [24]. Early postoperative
NLR may help to recognize postoperative delirium in elderly
patients undergoing surgery for lower limb fracture under
nongeneral anaesthesia [25]. On the other hand, the predictive
value of these markers for the prognosis of hand osteomyelitis,
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surgical site infection after spinal instrumentation surgery,
and periprosthetic joint infection following total hip arthro-
plasty also needs to be further studied [26-28].

Therefore, it can be hypothesized that these markers
would be associated with inflammation related to tibia frac-
ture. In this study, we aim to investigate the diagnostic value
of NLR, MLR, and PLR in tibia FRI patients.

2. Materials and Methods

2.1. Patient Characteristics. This study, designed as a retrospec-
tive controlled analysis, reviewed the electronic medical records
of patients hospitalized for tibia fractures in two tertiary
healthcare centers, Fuzhou Second Hospital of Xiamen Univer-
sity and Southern Medical University Nanfang Hospital, from
January 1, 2014, to December 31, 2018. Participants of the tibia
FRI group were patients who fulfilled any of the following four
primary diagnostic criteria for FRI referred to the international
consensus by the Association for the Study of Internal Fixation
(AO/ASIF) [1]: (1) fistula, sinus, or wound breakdown (with
communication to the bone or the implant); (2) purulent
drainage from the wound or presence of pus during surgery;
(3) phenotypically indistinguishable pathogens identified by
culture from at least two separate deep tissue/implant (includ-
ing sonication-fluid) specimens taken during an operative
intervention. In case of tissue, multiple specimens (>3) should
be taken, each with clean instruments (not superficial or sinus
tract swabs). In cases of joint effusion, arising in a joint adjacent
to a fractured bone, fluid samples obtained by sterile puncture
may be included as a single sample; (4) presence of microor-
ganisms in deep tissue taken during an operative intervention,
as confirmed by histopathological examination using specific
staining techniques for bacteria or fungi. Patients with autoim-
mune diseases, malignancy, severe heart, lung, liver, and kidney
diseases were excluded. The control group, as the non-FRI
group, was consisted of tibia fracture patients who had been
confirmed with fracture healed in the following three months.
All procedures performed in this study involving human par-
ticipants were in accordance with the Declaration of Helsinki.
This study has been approved by the medical ethical committee
office of Fuzhou Second Hospital of Xiamen University.

2.2. Clinical and Laboratory Assessments. The following
patient information at admission was recorded: age, gender,
clinical features, number of WBCs, neutrophils, lymphocytes,
monocytes, red blood cells (RBCs), and platelets, as well as
level of hemoglobin, CRP, and ESR. NLR, MLR, and PLR were
calculated.

2.3. Statistical Analysis. All data analyses were performed with
IBM SPSS Statistics for Windows, version 21.0 (IBM Corp.,
Armonk, NY, USA). Normally and skewed distributed contin-
uous variables were expressed as mean + standard deviation
and median (Q1, Q3), respectively. Normally distributed data
were analyzed as independent samples using the Student’s ¢
-test, and data with a skewed distribution were analyzed by
Mann-Whitney U tests. Categorical variables were summa-
rized as number (n) and percentage (%). Comparisons of
categorical variables between two groups were assessed with
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TaBLE 1: Demographic features and laboratory findings of the participants.

Control (n=162) FRI (n=170) P value
Age (years) 39 (28, 50) 42 (28.50, 49) 0.976
Gender (male/female) 95/67 145/25 <0.001
WBCs (x10°/L) 7.50 (6.10, 9.13) 7.13 (5.96, 8.34) 0.079
Neutrophils (x10°/L) 4.83 (3.86, 6.93) 4.16 (3.17, 5.39) <0.001
Lymphocytes (x10°/L) 1.73 (1.46, 2.07) 2.05 (1.71, 2.50) <0.001
Monocytes (x10°/L) 0.47 (0.36, 0.64) 0.51 (0.40, 0.63) 0.174
RBCs (x10'%/L) 4.41 (4.09, 4.82) 4.72 (4.22, 5.05) 0.002
Hemoglobin (g/L) 133 (121, 145) 132.50 (114.75, 144.25) 0.251
Platelets (x10°/L) 227 (188.75, 267.25) 278 (218.75, 353.25) <0.001
CRP (mg/L) 2.90 (1.58, 8.82) 4.49 (1.72, 10.04) 0.244
ESR (mm/h) 25 (15, 41) 20 (8, 34.25) 0.005
NLR 2.73 (1.86, 4.35) 1.97 (1.40, 2.55) <0.001
MLR 0.26 (0.19, 0.39) 0.24 (0.19, 0.32) 0.009
PLR 132.70 (105.49, 174.56) 133.31 (99.29, 174.05) 0.694
Positive rates of inflammation markers (events, %)
WBCs 30, 18.52% 14, 8.24% 0.006
CRP 50, 30.86% 53, 31.18% 0.951
ESR 121, 74.69% 97, 57.06% 0.001
Open fracture vs. closed fracture 15/147 126/44 <0.001
Single site vs. multiple sites 118/44 137/33 0.094
Positive rate of culture (events, %) 87, 51.18%
Monomicrobial infection vs. polymicrobial infection 67/20

FRI: fracture-related infection; WBCs: white blood cells; RBCs: red blood cells; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio;
PLR: platelet-to-lymphocyte ratio; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.

Chi-squared tests. To test for associations, normally distributed
continuous data were analyzed using the Pearson correlation,
while other data using the Spearman correlation. The effects
of different variables on FRI were further analyzed by multivar-
iate binary logistic regression analysis. The receiver operating
characteristic (ROC) curve analysis was performed to analyze
the differential diagnostic value (such as sensitivity, specificity,
and area under the curve (AUC)) of NLR, MLR, platelets, and
FRI risk predictor for tibia FRI. A P value < 0.05 was consid-
ered statistically significant.

3. Results

3.1. Basic Characteristics of Tibia FRI Patients and Control
Subjects. A total of 170 tibia FRI patients and 162 control sub-
jects were included in the study. Table 1 presents the main lab-
oratory and clinical characteristics. There were significant
differences between the two groups in terms of gender and open
or closed fracture (P < 0.001). The number of lymphocytes,
RBCs, and platelets in the FRI group was higher than those in
the control group, while the number of neutrophils and ESR
level was lower (P <0.05). Positive rates of inflammation
markers showed that ESR was the highest (65.66%, 218/332),
followed by CRP (31.02%, 103/332) and WBCs (13.25%, 44/
332), respectively. Statistical analysis for positive rates of WBCs
and ESR between the two groups showed significant differences
(P <0.05) (Table 1).

3.2. NLR and MLR Were Decreased in Tibia FRI Patients.
The level of NLR and MLR was significantly lower in
patients with tibia FRI than in control subjects (P <0.01)
(Table 1). However, there was no statistically significant dif-
ference between different types of tibia FRI patients in terms
of NLR, MLR, or PLR (Figure 1).

3.3. NLR, MLR, and PLR Were Associated with CRP Level
and ESR Level. In tibia FRI patients, NLR and MLR were
all positively correlated with WBCs (r=0.443 and P<
0.001 and r=0.253 and P < 0.001, respectively), CRP level
(r=0.387 and P < 0.001 and r = 0.360 and P < 0.001, respec-
tively), and ESR level (r =0.348 and P < 0.001 and r = 0.286
and P <0.001, respectively). However, PLR was only posi-
tively correlated with CRP level (r=0.252, P <0.001) and
ESR level (r=0.387, P < 0.001). These were consistent with
the trends observed in all tibia fracture patients (Figure 2).

3.4. FRI Risk Predictor Constructed by Logistic Regression
Analysis. Association of demographic features and labora-
tory tests of FRI patients was further analyzed by multivari-
ate binary logistic regression analysis. Finally, five variables
including NLR, MLR, platelets, fracture pattern (closed or
open fracture), and site pattern (single or multiple site) were
used to construct the FRI risk predictor (Hosmer-Lemeshow
x? =10.224, P =0.250) (Table 2). According to the results of
logistic regression analysis, the risk score of FRI in patients
with tibia fractures was logit (P) =-3.691 — 1.082 = NLR +
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Ficure 1: Differences in age and laboratory findings between different types of tibia FRI patients. The data and the corresponding color indicated
the P value. WBCs: white blood cells; RBCs: red blood cells; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; NLR: neutrophil-to-
lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.
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FIGURE 2: Analysis of the correlation between variables. The data corresponded to the correlation coefficient, and the corresponding color
indicated the P value. WBCs: white blood cells; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; NLR: neutrophil-to-
lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

5.342 + MLR + 0.008 = Platelets + 3.661 = Fracture pattern (
closed fracture = 0 ; open fracture = 1) + 3.034 = Site pattern
(single site = 0 ; multiple site = 1).

3.5. FRI Risk Predictor Has a High Diagnostic Value for Tibia
FRI by ROC Curve Analysis. The results of ROC curve anal-
ysis showed that the AUC of NLR, MLR, platelets, and FRI
risk predictor for tibia FRI were 0.299 (95% confidence
interval (CI): 0.244-0.355), 0.417 (95% CI: 0.355-0.478),

0.684 (95% CI: 0.627-0.741), and 0.955 (95% CI: 0.935-
0.976), respectively (P <0.05) (Figure 3 and Table 3). FRI
risk predictor yielded the highest AUC, with a sensitivity
of 91.2% and a specificity of 90.1%.

4. Discussion

Although the current diagnosis and treatment concepts have
been advanced, FRI continues to be a thorny issue that plagues
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TaBLE 2: Variables associated with FRI by multivariable binary logistic regression analysis.

Variable Regression coefficient SEM  Wald x? value OR (95% CI) P value
NLR -1.082 0.229 22.285 0.339 (0.216-0.531) < 0.001
MLR 5.342 2.198 5.909 208.929 (2.815-15507.615) 0.015

Platelets 0.008 0.002 13.191 1.008 (1.004-1.012) < 0.001
Fracture pattern (closed or open fracture) 3.661 0.477 58.950 38.915 (15.283-99.091) < 0.001
Site pattern (single or multiple site) 3.034 0.437 48.300 20.783 (8.833-48.902) < 0.001
Constant -3.691 0.79 21.811 — < 0.001

SEM: standard error of mean; OR: odds ratio; CI: confidence interval; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.
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F1GURE 3: ROC curve analysis of the diagnostic value of NLR, MLR, platelets, and FRI risk predictor for tibia FRI. ROC: receiver operating
characteristic; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; FRI risk predictor: °8t(P)/(1 4 ¢logtt(P)),

the majority of orthopedic surgeons [29]. The importance of
early diagnosis is self-evident, which has prompted the
research of novel inflammatory markers for the diagnosis of
FRI at an earlier disease stage, and has gradually attracted
more and more attention. This retrospective controlled study
explored the promising diagnostic value of NLR, MLR, and
PLR for FRI in patients with tibia fractures. In this study, we
found that NLR and MLR were decreased and positively cor-
related with the WBCs, CRP level, and ESR level in tibia FRI
patients. The results of logistic regression analysis and ROC
curve analysis showed that the FRI risk predictor constructed
based on five variables including NLR and MLR had a high
diagnostic value for FRI in tibia fracture patients.

During infection in patients with tibia FRI, the immune
system produces an inflammatory response to neutralize or
kill pathogens, maintaining a trade-off between clearing path-

ogens and limiting damage to host tissues, and eventually lead-
ing to recovery or tissue healing [30]. Changes in the content
of immune cells, including neutrophils, lymphocytes, and
monocytes, easily obtained from complete blood counts, can
reflect the balance between the immune status of the body
and the invasion status of pathogens to a certain extent.
Neutrophils are the most abundant circulating leukocyte
type in humans and play important roles in the first line of
defense against foreign pathogens [31]. The signal pathways
related to neutrophil activation and the formation of neutrophil
extracellular traps may affect the occurrence and development
of FRI [32]. In addition, lymphocytes act as a key cell type
involved in directing and propagating the adaptive immune
response, providing a broader and more finely tuned repertoire
of recognition for both self- and nonself-antigens [33].
Macrophage-derived chemokines induce macrophages and
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TaBLE 3: The AUC of NLR, MLR, platelets, and FRI risk predictor for the diagnosis of tibia FRI.

Variable AUC (95% CI) SEM P value Youden index Cut-off value Sensitivity Specificity

NLR 0.299 (0.244-0.355) 0.028 < 0.001 0 — — —

MLR 0.417 (0.355-0.478) 0.031 0.009 0.015 0.132 94.7% 6.8%

Platelets 0.684 (0.627-0.741) 0.029 < 0.001 0.317 262.500 58.2% 73.5%

FRI risk predictor 0.955 (0.935-0.976) 0.011 < 0.001 0.813 0.554 91.2% 90.1%

AUC: area under the curve; SEM: standard error of mean; NLR: neutrophil-lymphocyte ratio, MLR: monocyte-lymphocyte ratio; FRI risk predictor:

elogit(P)/(l + elogit(P)).

osteoclast precursor cells to polarize and migrate to inflamma-
tory tissues to participate in the pathogenesis of osteomyelitis,
whereas inflammatory cytokines promote osteoclast differenti-
ation and inhibit osteoblast formation [34]. The activation of
platelets participated in the pathogenesis of thrombosis in asso-
ciation with Staphylococcus aureus osteomyelitis [35]. Thus,
changes in the numbers of immune cells have a great impact
on the direction of the body’s inflammatory response in
patients with tibia fractures.

Previous studies had addressed the role of NLR, MLR, and
PLR in infections and characterized the clinical prediction
potential for bacterial infection and nonspecific infection
[10-14]. In terms of research related to bone infections, these
immune-related biomarkers, such as WBCs, CRP, ESR, NLR,
MLR, and PLR, are increasingly being evaluated for their abil-
ities of fast and early diagnosis of osteomyelitis and to predict
complications [26-28, 36-38]. In diabetic foot infection
patients, PLR was significantly higher in osteomyelitis, and
the cut-off value PLR > 187.3 had a sensitivity of 67.9% and
a specificity of 59.1% in predicting osteomyelitis [14]. More-
over, NLR, PLR, and MLR were predictive of the need for
amputation in diabetic foot infection. Patients who required
amputation had higher NLR and PLR compared with those
who did not. NLR was significant in determining the level of
their amputation, either minor or major.

However, the diagnostic and prognostic values of the
inflammatory parameters of NLR, PLR, and MLR for FRI have
not been revealed yet. van den Kieboom et al. reported in their
systematic review that the diagnostic accuracy of the serum
inflammatory markers WBCs, CRP, and ESR was insufficient
to diagnose or exclude late FRI, with a sensitivity of 51.7%,
77.0%, and 45.1%, respectively, and a specificity of 67.1%,
67.9%, and 79.3%, respectively [9]. In the current study, the
number of lymphocytes, RBCs, and platelets was higher in
patients with FRI than in patients with only tibia fractures,
whereas the number of neutrophils, ESR level, NLR, and
MLR was lower. Interestingly, subgroup analysis of tibia FRI
patients according to gender (male or female), fracture pattern
(closed or open fracture), site pattern (single or multiple site),
and bacterial culture results (positive or negative) found that
most of these inflammatory markers did not have statistical dif-
ferences. In addition, there was a clear positive correlation
between these inflammatory markers. This suggested that the
potential application value of each marker cannot be analyzed
individually but should be understood comprehensively in
the research of inflammation markers associated with FRI.
We further analyzed the relationship between the demographic
characteristics of FRI patients and these detection indicators
through logistic regression analysis and made a risk assessment

of FRI in these patients with tibia fractures. The result showed
that FRI risk predictor occupied the highest AUC, with a sensi-
tivity of 91.2% and a specificity of 90.1%, and acted as an effi-
cient indicator to make the distinction between tibia FRI
patients and non-FRI patients. Therefore, NLR and MLR
may be more useful diagnostic tools than other more com-
monly used diagnostic blood tests to early identify patients with
tibia FRL

There were some limitations in our study. First, this was
a retrospective controlled study involving only two centers,
so more patients from multicenter should be evaluated in
future research. Second, we did not investigate the pathogen-
esis of decreased NLR and MLR. Therefore, longitudinal and
molecular biology studies are needed to explore the potential
mechanism. Third, we only used the separate data at admis-
sion of the FRI group and the control group for comparison.
There was a lack of data on inflammatory markers before
infection in FRI patients.

5. Conclusions

In this study, NLR and MLR were decreased in tibia FRI
patients compared to non-FRI patients. Both indicators
had a positive correlation with WBCs, CRP level, and ESR
level. The NLR and MLR could be potential diagnostic fac-
tors for tibia FRL FRI risk predictor constructed based on
five variables including NLR, MLR, platelets, fracture pattern
(closed or open fracture), and site pattern (single or multiple
site) had a high diagnostic value for tibia FRI. However,
more research will be indispensable for the further clinical
application of these indicators.
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