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Abstract
Aims: The accurate preoperative diagnosis of infected nonunion remains challenging. Here, we evaluated
the diagnostic potential of novel biomarkers for tibial infected nonunion.

Methods: A single-center retrospective study was conducted on 155 patients divided into two groups: 59
with tibial infected nonunion (Group A) and 96 with tibial aseptic nonunion (Group B). Preoperatively
analyzed clinical parameters included plasma D-dimer, plasma �brinogen, albumin (ALB), globulin (GLB),
albumin-to-globulin ratio (AGR), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and white
blood cell (WBC) count. Receiver operating characteristic (ROC) curves, sensitivity, and speci�city were
utilized to compare the diagnostic potential of these biomarkers.

Results: The WBC, ESR, CRP, plasma D-dimer, plasma �brinogen, and GLB levels of Group A were
signi�cantly higher (P < 0.05) than in Group B. The ALB and AGR levels of Group A were signi�cantly
lower (P < 0.05) than in Group B. The area under the curve (AUC) of ESR, plasma �brinogen, and AGR
were greater than 0.8. An analysis of a combination of ESR, plasma �brinogen, GLB, and AGR had the
highest AUC. In patients with comorbidities, the diagnostic accuracy of ESR, plasma �brinogen, GLB, and
AGR also performed well. Higher levels of WBC, CRP, and ESR were detected in patients who had recently
used antibiotics (P < 0.05).

Conclusion: GLB, AGR, and plasma �brinogen are promising biomarkers for improving the diagnosis of
tibial infected nonunion. The integrated analysis of ESR, plasma �brinogen, GLB, and AGR provided more
accurate and more speci�c diagnosis than the four biomarkers individually.

Introduction
Postoperative tibial infected nonunion is a chronic and debilitating disorder associated with that high
hospitalization costs, lengthy treatment, and increased risk of patient morbidity and mortality [1–4]. It is
often di�cult to discriminate between infected nonunion and aseptic nonunion [5, 6]. If infected nonunion
is not promptly diagnosed or managed, it can result in devastating consequences, including permanent
loss of function, amputation, or death [7–9]. Therefore, the timely and accurate diagnosis of infected
nonunion is critical to facilitate any necessary reoperation, which can substantially affect treatment plans
[10, 11].

Blood-based assays provide a potential solution for diagnosing infected nonunion, because they can be
rapidly performed in advance of intraoperative culture [12]. Traditional biomarkers, like white blood cell
count (WBC), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) are important biomarkers
in the diagnostic evaluation of in�ammation, and can reduce the rate of missed infections [8, 13]. These
biomarkers can be widely used to diagnose acute fracture-related infections, but sometimes remain
normal in late or chronic infections caused by low-virulence pathogens [14]. Therefore, new biomarkers
need to be evaluated for the diagnosis of tibial infected nonunion.
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Albumin (ALB) is one of the main components of serum proteins, and is associated with surgical site
infection in orthopedics [15, 16]. Globulin (GLB), which is a component of complements and
ceruloplasmin, generally increases during the in�ammatory process [17]. Hence, the albumin-to-globulin
ratio (AGR), which considers both ALB and GLB levels, is also a promising biomarker for in�ammation
[18]. Furthermore, several studies reported that GLB and AGR were informative biomarkers in the
diagnosis of periprosthetic joint infection (PJI) [19, 20]. In addition, serum D-dimer and plasma �brinogen
may be novel biomarkers to detect infected nonunion, and they have shown good performance in past
studies [21, 22]. The tibia is the most commonly involved bone in infected nonunion of open fractures [23,
24]. However, the accuracy of these blood biomarkers in diagnosing infected nonunion of tibia fracture
after surgery is unknown.

In the present study, we evaluated the diagnostic accuracy of ALB, GLB, AGR, plasma D-dimer, and
plasma �brinogen in tibial infected nonunion. We hypothesize that these new blood biomarkers will
associated with tibial infected nonunion fractures after surgery, and will therefore help guide orthopedic
surgeons in the assessment of patients with tibial infected nonunion.

Methods

Study design and participants. 
This single-center retrospective study was conducted in a tertiary hospital providing specialist treatment
to patients with musculoskeletal infections. Over a period of approximately 3 years (June 2018 to July
2021), a total of 211 patients with tibial fracture who underwent surgery for nonunion after failed fracture
operation were eligible for inclusion in this study. Ethical approval was obtained from the Clinical
Research Ethics Committee of The A�liated Drum Tower Hospital of Nanjing University Medical School.
The methods were carried out in accordance with the relevant guidelines and regulations. Patients were
excluded based on the following exclusion criteria: 1) age < 18 years (n = 3); 2) without complete blood
workup or medical records (n = 7); 3) unavailability of complete examinations (n = 4). Patients were also
divided into subgroups for analysis to avoid bias: concurrent infections in other organs (n = 8), venous
thrombosis (n = 13), malignancies (n = 2), autoimmune diseases (n = 4), and recent use of antibiotics 2
weeks before operation (n = 15). A nonunion was determined as radiographic evidence of nonprogression
of healing for at least 3 months, or lack of healing by 9 months since the initial injury [25]. According to
the fracture-related infections de�nition criteria, multiple gross tissue specimens (≥ 5 samples) were
cultured, when the same organism was grown in at least 2 cultures of the intraoperative sample, a
positive diagnosis of infection was made [8]. Ultimately, the patients with tibial nonunion were separated
into two groups: 59 in Group A (operation for infected tibial nonunion) and 96 in Group B (operation for
aseptic tibial nonunion) (Fig. 1).

Demographic features and blood biomarkers. 
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The clinical features of patients with tibial nonunion were comprehensively interpreted by the attending
physician after admission. Baseline demographic features, including age, gender, BMI, smoking, and
fracture position were collected. Fasting venous blood samples were obtained from patients on
admission and were sent to the clinical laboratory within 2 h. These blood samples were used to test
WBC, CRP, ESR, liver function tests (including ALB, GLB, AGR), and plasma coagulation examinations
(including plasma D-dimer, and plasma �brinogen). Antimicrobial treatment was stopped for at least 14
days until intraoperative specimens were collected, unless the patients needed anti-infective therapy
urgently; those patients were evaluated separately.

Statistical analysis. 
Descriptive statistics are presented as mean ± SD (standard deviation) for normally distributed
continuous variables or median (IQR) for non-normally distributed data, and frequency (percentage) for
categorical variables. Kolmogorov-Smirnov (K-S) test was used to identify data as normally distributed
variables or non-normally distributed data. Student’s t-tests were used to analyze normal distributed
numerical variables, and Mann-Whitney U test was used to analyze numerical variables with non-normal
distribution or unequal variance. Pearson χ2 test or Fisher exact test were used to analyze qualitative
variables. Differences with a p-value of P < 0.05 are considered to be signi�cant. Receiver operating
characteristic (ROC) curves were plotted to determine the diagnostic value of each biomarker for
assessing tibial infected nonunion, and the area under the curve (AUC) and 95% con�dence interval (CI)
were calculated to compare different biomarkers. The Youden index (J = [sensitivity + speci�city] – 1) was
used to determine the optimal predictive cut-offs for calculating AUC. The sensitivity, speci�city, positive
predictive value (PPV), and negative predictive value (NPV) of each test were calculated. The AUC values
were determined to be excellent (0.900 to 1.000), good (0.800 to 0.899), fair (0.700 to 0.799), poor (0.600
to 0.699), and having no discriminatory capacity (< 0.599). All statistical analyses were performed using
STATA version 18.0 (SPSS Inc., Chicago, IL, USA).

Results
The basic demographic data of the two groups are shown in Table I. There were no signi�cant
differences between the two groups in terms of age, gender, BMI, smoking history, or fracture position. (P 
> 0.05).

Group A had signi�cantly higher WBC, CRP, ESR, plasma D-dimer, plasma �brinogen, and GLB levels than
Group B (P < 0.05; Table II). Nonetheless, the ALB and AGR levels of patients in Group A were signi�cantly
lower than those of Group B (P < 0.05).Table III shows the AUCs, Youden index values, optimal cutoff
values, and predictive values (sensitivity, speci�city, PPV, NPV) of the various biomarkers. Based on ROC
curve analysis (Fig. 2), the diagnostic performance of ESR (AUC = 0.883), plasma �brinogen (AUC = 
0.819), AGR (AUC = 0.815), and GLB (AUC = 0.805) were good. Moreover, the AUC of a composite
biomarker combining ESR with plasma �brinogen, GLB, and AGR (0.926) had the highest AUC. However,
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other biomarkers’ diagnostic accuracy were fair or poor, including WBC, CRP, plasma D-dimer, and ALB. At
the optimal cutoff value, the sensitivity, speci�city, PPV, and NPV were 38.98, 84.38, 60.53, and 69.23% for
WBC; 69.49, 77.08, 65.08, and 80.43% for CRP; 71.19, 90.63, 82.35, and 83.65% for ESR; 64.41, 83.33,
70.37, and 79.21% for plasma D-dimer; 72.88, 75.00, 64.18, and 81.82% for plasma �brinogen; 88.14,
9.38, 37.41, and 56.25% for ALB; 55.93, 96.88, 91.67, and 78.15% for GLB; and 57.63, 92.71, 82.93, and
78.07% for AGR; and 76.27, 97.92, 95.75, and 87.04% for the combination of ESR with plasma �brinogen,
GLB, and AGR.

Based on the optimal threshold, table IV shows that the diagnostic performance of tested markers for
patients with comorbidities, including concurrent infections in other organs, venous thrombosis,
autoimmune diseases, and malignancies. The range of the diagnostic accuracy of ESR, plasma
�brinogen, and AGR was 60–100% in patients with these comorbidities. The overall diagnostic
accuracies were good.

Table V shows that there were signi�cant differences between the cases of infected tibial nonunion
patients who had recently used and had not used antibiotics in terms of WBC, CRP, and ESR (P < 0.05).
However, the levels of plasma D-dimer, plasma �brinogen, ALB, GLB, and AGR were not signi�cantly
different between the two groups (P > 0.05).

Discussion
This study was carried to compare the accuracy of plasma D-dimer, plasma �brinogen, ALB, GLB, and
AGR with traditional in�ammatory biomarkers (WBC, CRP, and ESR) in diagnosing tibial infected
nonunion. Our data demonstrated that the blood-based biomarkers plasma �brinogen and GLB were
associated with infected tibial nonunion, and could be used as new biomarkers to diagnose infected tibial
nonunion. Furthermore, the integrated analysis of four promising biomarkers (ESR, plasma �brinogen,
GLB, and AGR) provided more accurate and more speci�c evaluation of tibial infected nonunion than the
four biomarkers individually.

ALB and GLB are two easily accessible and reliable biomarkers evaluated in in liver function tests that are
routinely performed before surgery, and are able to be performed rapidly and economically. ALB is a
negative acute phase protein, and is considered to be a biomarker of in�ammation and nutritional status
[26–28]. A meta-analysis conducted by Yuwen et al.[15] reported that ALB levels < 3.5 g/dL was
associated with an almost 2.5 fold increased risk of surgical site infection (SSI) in orthopaedics. However,
Wang et al.[20] reported that ALB was not useful for diagnosis of patients suspected of having PJI.
Similarly, Ye et al.[19] found that the levels of ALB were not associated with PJI. In our study, the
diagnostic accuracy of ALB in tibial infected nonunion was poor, with an AUC of 0.671, sensitivity of
88.14%, speci�city of 9.38%, PPV of 37.41%, and NPV of 56.25%. GLB is another major serum protein
component that consists of antibodies and in�ammatory cytokines, including complements, interleukin-6,
and immunoglobulins [29, 30]. There is an inverse relationship between GLB and ALB in response to
in�ammation and infection, and the AGR could indicate an in�ammatory state more accurately. GLB and
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AGR have been validated to have potential roles in the pathogenesis of in�ammatory and infectious
diseases in various studies [31, 32]. Moreover, recent studies have demonstrated that GLB and AGR are
associated with PJI and may serve as potential adjuvant biomarkers in the diagnosis of PJI [19, 20]. In
accordance with these results, we also observed that high globulin levels and low AGR were
independently associated with the risk of tibial infected nonunion. ROC curve analysis revealed that
globulin and AGR showed acceptable predictive value for the diagnosis of tibial infected nonunion. The
diagnostic value of GLB (AUC = 0.805) was slightly lower than that of AGR (0.815), which were higher
than 0.8. Both biomarkers demonstrated fair sensitivity (GLB 55.93%, AGR 57.63%), but high speci�city
(GLB 96.88%, AGR 92.71%), reducing the misdiagnosis rate of tibial infected nonunion. Moreover, the PPV
of GLB (91.67%) was the highest; suggesting that GLB may be superior as a single biomarker in
predicting the diagnosis of tibial infected nonunion.

Recently, it has been demonstrated that systemic and local infections result in �brinolytic activity [33, 34].
Moreover, coagulation-related indicators, including D-dimer and �brinogen, are useful diagnostic markers
for PJI [35–39]. Serum D-dimer and plasma �brinogen have performed well in the diagnosis of infected
nonunion [21, 22]. In our study, plasma �brinogen (AUC = 0.819) demonstrated good diagnostic
performance in infected nonunion, similar to the results of another recent study [21]. These data suggest
that plasma �brinogen may be a novel biomarker to diagnose tibial infected nonunion. However, the
diagnostic value of plasma D-dimer was limited in our study, with a fair AUC of 0.776. Conversely, the D-
dimer, assayed in serum rather than plasma, has proven to be useful for preoperative prediction of
infected nonunion after ORIF [22]. Some studies demonstrated that serum D-dimer is superior to plasma
D-dimer in the diagnosis of PJI [40, 41]. Consequently, high-quality prospective studies that address these
research gaps are needed to validate the use of D-dimer as a biomarker for tibial infected nonunion.

WBC, CRP, and ESR are the most commonly used biomarkers of tibial infected nonunion. Unfortunately,
they are usually affected by other factors such as physiological stress, treatment, and other diseases [5,
42]. Peripheral WBC is frequently normal in low-grade infections and affords little diagnostic help. The
diagnostic value of WBC was limited in our study, with a fair AUC of 0.599. The standard WBC biomarker
may not provide enough information to clearly distinguish between infected nonunion and aseptic
nonunion. On the contrary, ESR had good performance in diagnosis of suspicious infection with higher
sensitivity, which is veri�ed by past studies [43, 44].

In subgroup analysis, we found that the diagnostic accuracy of these novel biomarkers was good in
patients with tibial infected nonunion who also had other comorbidities. Considering the small number of
cases, a larger number of cases should be enrolled into evaluate the diagnostic accuracies of these
biomarkers and reduce potential bias. For example, recent use of antibiotics might in�uence
in�ammatory biomarkers. Our subgroup analysis showed that there were signi�cant differences between
patients with infected nonunion who recently used antibiotics vs. those who had not in a number of
biomarkers, including WBC, CRP, and ESR levels (P < 0.05); other biomarkers were not signi�cantly
different, including plasma D-dimer, plasma �brinogen, ALB, GLB, and AGR (P > 0.05). Therefore, our data
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suggest that plasma �brinogen, GLB, and AGR may be better biomarkers to diagnose patients with
suspected infected nonunion who have recently used antibiotics.

There are several limitations to our study. Firstly, this study was retrospective, with inherent biases.
Secondly, the sample size of this study is fairly small. Finally, the different comorbidities and application
of antibiotics among the patients may have in�uenced the observed results of the diagnostic accuracy of
the biomarkers in patients with infected nonunion. Therefore, multicenter, prospective, comparative
studies with larger samples are required to more thoroughly determine the accuracy of these biomarkers
for predicting tibial infected nonunion.

It was a secondary analysis that recursive partitioning analysis of the in�ammatory marker predictive
values for infected nonunion, and is limited by the relatively small sample size of the cohort included. In
order to avoid external validity, we will calibrate and externally validate this model with a future large
observational cohort of patients with suspected nonunion to inform clinical utility.

In conclusion, our results show that GLB, AGR, and plasma �brinogen may be reliable biomarkers to
screen for tibial infected nonunion. The integrated analysis of four biomarkers (ESR, plasma �brinogen,
GLB, and AGR) may provide more accurate and more speci�c evaluation of tibial infected nonunion.
Therefore, we recommend that surgeons begin to evaluate GLB, AGR, plasma �brinogen, and the
combination of ESR, plasma �brinogen, GLB, and AGR as a potential screening tool for patients who
might be at risk for tibial infected nonunion.
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Tables
Table I

 Patient characteristics for the two groups



Page 12/18

  Group A (n = 59) Group B (n = 96) P-value

Number of women 7/52 11.9% 20/76 20.8% 0.193†

Age (year, mean ± SD) 47.8 ± 15.2 45.7± 13.0 0.381#

BMI (kg/m2, mean ± SD) 25.1±3.6 24.8±3.2 0.487#

Smoking history 12/47 21.1% 18/78 17.3% 0.836†

Position (left) 30/29 (50.8%) 53/43 (55.2%) 0.662†

Fracture position (actual sites )     0.476†

Proximal  8/51(13.6%) 19/77(19.8%)  

Mid-diaphysis 30/29(50.8%) 50/46(52.1%)  

Distal 21/38(35.6%) 27/69(28.1%)  

Notes: Group A = tibial infected nonunion; Group B = tibial aseptic
nonunion; # Independent-samples t-test; † Chi-squared test (linear by linear); *P < 0.05
indicates statistical significance.
Abbreviation: BMI = body mass index.

Table II

 Comparison of the tested markers in the two groups
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  Group A (n = 59) Group B (n = 96) P-value

WBC (109/μL)      

Median 6.6 6.2 0.038*

P25, P75 5.5 ~ 8.2 5.4 ~ 7.2  

CRP (mg/L)     <0.001*

Median 7.0 3.5  

P25, P75 3.8~ 17.5 2.5 ~ 4.9  

ESR (mm/hr)     <0.001*

Median 25.0 6.5  

P25, P75 13.0 ~ 39.0 5.0 ~ 11.0  

Plasma D-dimer (mg/L)     <0.001*

Median 1.19 0.34  

P25, P75 0.53 ~ 2.9 0.17 ~ 0.75  

Plasma �brinogen (mg/L)     <0.001*

Median 3.4 2.4  

P25, P75 2.8 ~ 5.1 2.1 ~ 2.9  

ALB (g/L)     <0.001*

Median 38.9 41.2  

P25, P75 37.7 ~ 41.1 39.2 ~ 43.1  

GLB (g/L)     <0.001*

Median 32.2 24.2  

P25, P75 26.4 ~ 39.2 21.1 ~ 27.2  

AGR     <0.001*

Median 1.30 1.71  

P25, P75 0.98 ~ 1.56 1.48 ~ 1.91  

Notes: Group A = tibial infected nonunion; Group B = tibial aseptic nonunion; All P-
values calculated using Mann-Whitney U test; *P < 0.05 indicates statistical significance.
Abbreviation: WBC = white blood cell; CRP = C-reactive protein; ESR = erythrocyte
sedimentation rate; ALB = albumin; GLB = globulin; AGR = albumin-to-globulin ratio
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Table III

The diagnostic value of tested markers in patients with tibial infected nonunion.

Variables AUC (95%CI) Optimal Cutoff
Value

Sensitivity
(%)

Speci�city(%) PPV

(%)

NPV

(%)

WBC 0.599
(0.504-
0.695)

7.65×10^9/L 38.98 84.37 60.53 69.23

CRP 0.748

(0.665-
0.832)

4.95 mg/L 69.49 77.08 65.08 80.43

ESR 0.883

(0.830-
0.937)

17.5 mm/h 71.19 90.63 82.35 83.65

Plasma D-dimer 0.776

(0.700-
0.852)

0.95 mg/L 64.41 83.33 70.37 79.21

Plasma
�brinogen

0.819

(0.752-0.887
)

2.85 g/L 72.88 75.00 64.18 81.82

ALB 0.671

(0.580-0.762
)

44.45 g/L 88.14 9.38 37.41 56.25

GLB 0.805

(0.726-
0.883)

31.5 g/L 55.93 96.88 91.67 78.15

AGR 0.815

(0.742-0.889
)

1.35 57.63 92.71 82.93 78.07

ESR+ Plasma
Fibrinogen
 +GLB+AGR

0.926

(0.880-
0.972)

0.41 76.27 97.92 95.75 87.04

Abbreviation: WBC = white blood cell; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate;
ALB = albumin; GLB = globulin; AGR = albumin-to-globulin ratio; AUC = areas under the curve; CI =
con�dence interval; PPV = positive predictive value; NPV = negative predictive value.
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Table IV

 Diagnostic performance of tested markers for patients with comorbidities.

Comorbidities and

Numbers

Concurrent infections
in other organs (n = 8)

Venous
thrombosis (n
= 13)

Autoimmune
diseases (n = 4)

Malignancies

 (n = 2)

ESR Group
A

7(6) 5(4) 1(1) 2(2)

Group
B

1(0) 8(8) 3(2) 0

Plasma
�brinogen

Group
A

7(6) 5(2) 1(0) 2(2)

Group
B

1(0) 8(7) 3(3) 0

GLB Group
A

7(6) 5(4) 1(1) 2(2)

Group
B

1(1) 8(7) 3(3) 0

AGR Group
A

7(7) 5(3) 1(1) 2(2)

Group
B

1(1) 8(8) 3(3) 0

Notes: Group A = tibial infected nonunion; Group B = tibial aseptic nonunion. 
Abbreviation: ESR = erythrocyte sedimentation rate; ALB = albumin; GLB = globulin;
AGR = albumin-to-globulin ratio

Table V

 Comparison of tested markers between patients with tibial infected nonunion who used antibiotics two
weeks before and patients with tibial infected nonunion who had not used antibiotics recently
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Variables Normal
range

Tibial Infected Nonunion
Recent Use of Antibiotics
(n = 15) (median, P25–75)

Tibial Infected Nonunion
Recent No Use of Antibiotics
(n = 59) (median, P25–75)

P-
value

WBC(109/μL) 3.5-9.5 5.6(5.1-6.4) 6.6 (5.5-8.2) 0.029*

CRP(mg/L) 0-8 4.4(2.8-6.1) 7.0(3.8-17.5) 0.035*

ESR(mm/hr) 0-15 15.0(12.0-18.0) 25.0(13.0-39.0) 0.006*

Plasma D-dimer
(mg/L)

0-0.5 0.9(0.7-1.5) 1.2(0.5-2.9) 0.273

Plasma
Fibrinogen(mg/L)

2-4 3.6(2.9-4.5) 3.4(28-5.1) 0.777

ALB (g/L) 40-55 39.4(37.9-41.8) 38.9(37.7-41.1) 0.727

GLB (g/L) 20-40 38.5(27.3-39.5) 32.2(26.4-39.2) 0.224

AGR 1.2-2.4 1.1(1.0-1.4) 1.3(1.0-1.6) 0.378

Notes: All P-values calculated using the Mann-Whitney U test; *P < 0.05 indicates
statistical significance.
Abbreviation: WBC = white blood cell; CRP = C-reactive protein; ESR = erythrocyte
sedimentation rate; ALB = albumin; GLB = globulin; AGR = albumin-to-globulin ratio.

Figures
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Figure 1

Flow diagram of the study design.
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Figure 2

The ROC curves of biomarkers in the diagnosis of tibial infected nonunion.

Notes:  WBC white blood cell; CRP C-reactive protein; ESR erythrocyte sedimentation rate; ALB albumin;
GLB globulin; AGR albumin-to-globulin ratio; ROC, receiver operating characteristic; AUC, areas under the
curve.


