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Does the pre-operative neutrophil-lymphocyte ratio
have a predictive value in detecting infection
in type 3 open tibia diaphysis fractures?

Tahsin Sami Colak, M.D., ©® Ahmet Fevzi Kekeg, M.D.

Department of Orthopaedics and Traumatology, Necmettin Erbakan University Meram Faculty of Medicine, Konya-Turkey

ABSTRACT

BACKGROUND: This retrospective study was aimed to investigate whether the pre-operative neutrophil-lymphocyte (N/L) ratio
has a predictive value in terms of evaluating the development of infection in patients with type 3 open fractures of the tibia diaphysis.

METHODS: A total of 72 patients with type 3 open tibia fractures who consulted to the emergency service at the Necmettin Er-
bakan University Meram Faculty of Medicine, during the period between 2015 and 2020 were retrospectively examined. A total of 39
patients who underwent external fixator in the first treatment were included in the study. The information pertaining to the patients
such as the patient demographic data, type of injury, wound cultures, and N/L rates during the pre-operative period were recorded.
Patients were divided into two groups based on the presence of infection: Group | (12 patients) consisted of patients who had infec-
tion, and Group 2 (27 patients) consisted of patients who had no infection.

RESULTS: 34 (87.2%) of the patients were male and 5 (12.8%) were women. The mean age of these patients was 43.18+18.67
(19-80). Infection was detected in 12 (30.8%) out of 39 patients. Of these patients, 9 (75%) were monomicrobial, and 3 (25%) were
polymicrobial. The most common mechanism of the injury was gunshot injury in 16 (41%) of all patients. However, there was no sig-
nificant difference between the groups in terms of mechanism of injury (p=0.445). When all patients were examined in terms of N/L

rates and presence of infection, there was no significant difference between Group | and Group 2 (p=0.976).

CONCLUSION: Although N/L ratio of the blood in the pre-operative period has a predictive value for chronic diseases, we believe
that it has no predictive value for detecting infection in patients with type 3 acute open tibia fractures.
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INTRODUCTION

Although new generation treatment protocols have been de-
veloped, open fractures are one of the orthopedic emergen-
cies that challenge clinicians today, as it has always been the
case in the past. Open fractures are most commonly seen in
the tibia due to possible exposure to trauma and low soft
tissue covering.l"? Open fractures are classified into three
main types according to the Gustilo—Anderson classification.
Type 3 open fractures with injuries which are greater than 10
cm, accompanied by separation of the periosteum and soft-
tissue defects pose a great risk of infection.®! Development

of infections may lead to a number of difficulties and com-
plications which are hard to treat such as insufficient soft-
-tissue covering, exposed bone structures, non-unions, and
osteomyelitis that can cause loss of limb in the long-term.M!
Therefore, having an early indicator to identify patients who
may be infected in the early preoperative period will be useful
to prevent possible complications.>!

A number of laboratory parameters (C-reactive protein, sed-
imentation, white sphere, neutrophil percentage, neutrophil-
lymphocyte (N/L) ratio) with predictive values are reported
for many diseases.®'3] The fact that these parameters are
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easily accessible and cost-effective, as well as being useful for
patient follow-up gives an advantage to the clinician. There
are studies in the literature which state that these parame-
ters can be also useful in predetermining possible bone infec-
tions in different groups of patients.!'*'¢

The NI/L ratio is attained by dividing the total number of
neutrophils by the total number of lymphocytes in the blood
count. It has been indicated by many publications that the
N/L ratio can be an easily estimated parameter in indicating
systemic inflammation.”!¥? It is known that the N/L ratio in-
creases in cases of malignancies and many other situations
such as postoperative mortality after hip fracture and my-
ocardial infarction.l''-"* In addition, it is reported that the N/L
ratio can also be used in orthopedic infectious patient groups
such as osteomyelitis, diabetes-related infection, and periph-
eral artery disease.l'>'l As far as we know, there is no study
conducted previously in the literature that investigated the
relationship between infection that can develop at an early
stage in patients with open tibia fractures and pre-operative
laboratory parameters.

In this study, the aim is to investigate whether the N/L ratio
determined in the pre-operative period has a predictive value
in terms of evaluating the development of infection in pa-
tients with type 3 open fractures of the tibial diaphysis.

MATERIALS AND METHODS

A total of 72 patients with type 3 open tibia fractures who
consulted to the emergency service at Necmettin Erbakan

University Meram Faculty of Medicine between 2015 and 2020
were retrospectively examined. To create a standard group of
patients and to avoid affecting the results of the study, a set
of exclusion criteria is defined which is composed of agricul-
tural injuries, pathological fractures, additional organ injuries
and vascular nerve injury, additional bone pathologies, and
non-diaphysis fractures. In addition, to form a homogeneous
group, patients who underwent external fixator in their first
treatment were included in the study. A total of 39 patients
who underwent external fixator in the first treatment were
included in the study. Patients’ age, gender, the type of injury,
whether there is reproduction in their cultures or not, and
the N/L rates during the pre-operative period were retro-
spectively reviewed from the hospital records. In addition,
the causative microorganisms in patients with reproduction
in their culture were recorded. Patients were divided into
two groups based on the presence of infection: Group | (12
patients) consisted of patients who had infection and Group
2 (27 patients) consisted of patients who had no infection.

The results were statistically analyzed using SPSS 22 (IBM
Corp., Armonk, NY, USA). Average values were expressed as
meanztstandard deviation. Mechanism of injury and presence
of infection were examined using Chi-square test. The statis-
tical distribution of the N/L ratio was performed using the
Mann-Whitney U-test. The value of p<0.05 was considered
statistically significant.

RESULTS

About 34 (87.2%) of the patients were male, and 5 (12.8%)

Table I. Patients’ demographic data
All patients Group | Group 2
Gender, n (%)

Female 5(12.8) 3 (25) 2 (7.4)

Male 34 (87.2) 9 (75) 25 (92.6)
Mean age 43.18+18.67 (19-80) 38.08+17.21 (20-67) 45.44+19.15 (19-80)
Table 2. Patients’ mechanisms of injury GSI, IVTA, OVTA, WA, FFH
Type of injury All patients Group | Group 2 p-value

n (%) n (%) n (%)
GSlI 16 (41) 6 (50) 10 (37) 0.445
IVTA 7 (17.9) 3 (25) 4(14.8)
OVTA 7 (17.9) - 7 (25.9)
WA 6 (15.4) 1 (8.3) 4(14.8)
FFH 3(7.7) 2 (16.7) 2 (7.4)

GSl: Gunshot injury; IVTA: Intra-vehicle traffic accident; OVTA: out of vehicle traffic accident; WA: Work accident; FFH:

Fall from height.
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Table 3. Patients’ N/L ratios
All patients Group | Group 2 p-value
n (%) n (%) n (%)
N/L ratio 8.85+6.05 9.1£6.1 8.75+6.15 0.976
(0.49-24.19) (1.26-21.81) (0.49-24.19)

N/L: Neutrophil-lymphocyte.

of them were women. The mean age of these patients was
43.18£18.67 (19-80). Infection was detected in 12 (30.8%)
out of 39 patients. Of these patients, 9 (75%) were monomi-
crobial, 3 (25%) were polymicrobial. Demographic data of
patients are summarized in Table |.

The most common mechanism of injury was gunshot injury
in 16 (41%) of all patients; in 6 (50%) of the patients who had
infection and in 10 (37%) of the patients who had non-infec-
tion. However, there was no significant difference between
the groups in terms of injury mechanism (p=0.445) (Table
2). When all patients were examined in terms of N/L rates
and presence of infection, there was no significant difference
between Group | and Group 2 (p=0.976) (Table 3).

DISCUSSION

To the best of our knowledge, the relationship between the
N/L ratio and the infection which may develop at an early
stage in emergency situations such as open fractures has not
been previously studied in the literature. In our study, we dis-
covered that the N/L ratio in the blood in the pre-operative
period did not have a predictive value in terms of detecting
infection in patients with acute type 3 open tibia fractures.
In the study conducted by Yapici et al. ' they state that the
N/L ratio has a predictive value in diabetes-induced infection
and osteomyelitis. Demirdal et al.l'! report in their study that
the N/L ratio has a predictive value in peripheral artery dis-
ease and in patients who need amputation due to diabetes-
induced infection. Therefore, the N/L ratio was shown as an
infection indicator in these studies. However, the selected
patients had chronic diseases and long-term infection. Since
patients in our study were in the acute period, we did not ob-
tain similar results which were obtained and presented in the
literature. We believe that the motive behind this is caused by
the difference between acute and chronic infection.

In fact, the N/L ratio can be interpreted as an indirect indi-
cator of a patient’s immune response. It has been reported
in systematic meta-analyzes and many studies that high N/L
ratio can be used as an indicator of poor prognosis, espe-
cially in cancer patients.'”27 It can be explained by the in-
crease in the N/L ratio as metastasis’ increasing the number
of neutrophils through various cytokines and chemokines and
suppressing the number of lymphocytes.?'! Besides, the N/L
ratio has been proven to have a predictive value not only in
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cancer patients, but also in a number of diseases presenting
with inflammation.[”! Therefore, when a patient has other
diseases, this might produce false-positive results regardless
of the disease studied.l'! Sigmund et al.l'¥ put forward that
although the sensitivity of such parameters checked in the
blood is relatively high, their specificity is low. It should be
kept in mind that similar parameters are not specific to a
disease but may increase in many different systemic condi-
tions (such as pneumonia, urinary tract infection, and mul-
tiple trauma conditions) or chronic diseases (such as cancer
and autoimmune diseases).['*!5] We believe that the fact that
there is no significant difference between the groups with and
without infection in terms of the N/L ratio in our study may
be related to this.

Infections that may develop after an open tibia fracture can
be divided into two as superficial infection or deep infection.
1221 |n addition to this, infections occur as monomicrobial or
polymicrobial in terms of their causative agent. In our study,
we encountered 3 cases with polymicrobial factors, and when
they were evaluated among themselves, we found out no sig-
nificant relationship between the N/L ratio and the polymi-
crobial aspect of the infection. Again, Sigmund et al.l'¥ put
forward in their study that inflammation biomarkers routinely
looked for in patients with fractures cannot be used for the
presence or exclusion of infection, but it would be correct
to take increased serum values into account in patients with
fracture-related infection. Based on the results of our study,
we believe that infection cannot be predetermined by looking
at a single laboratory value in patients with open tibia frac-
tures.

In a systemic review conducted by Dickson et al.,? it is re-
ported that infection development after circular external fix-
ator applied to patients with type 3 open tibia fractures is
statistically detected that they are significantly less compared
to other techniques (plate, nail, monolateral external fixa-
tor, reamed and unreamed nails). In the study conducted by
Webb et al.,!*®] they evaluated surgical technique and infection
development and identified infection in 15.4% of the patients
who were treated with nailing procedure and in up to 40% of
the patients who were treated with external fixator. Naique
et al.?1 reported in their study that the different results ob-
tained in the development of infection after an open tibia
fracture are due to differences in open fracture type, mech-
anism of injury, integrity of soft tissue, type, and timing of
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surgery performed at the early stages and also age. However,
to obtain more homogeneous data in our study, we excluded
cases treated with other techniques in terms of surgical tech-
nique and included only those cases who were treated with
external fixator. Therefore, we could not compare the ap-
plied surgical techniques with each other in terms of infec-
tion development. In our study, the incidence of infection was
30.8%. This suggests that we obtained parallel results which
were obtained and presented in the literature.?*!

In addition, Decruz et al.*® reported in their study that open
fractures of the tibia diaphysis are mostly caused by traffic
accidents (57.1%). Similarly, Weiss et al.?’! reported in their
study that this type of fractures occurs most frequently after
a traffic accident (43%). In our study, we also identified the
most common mechanism of injury as gunshot injury. In our
study, when the injury mechanism and infection development
were examined, we found that the injury mechanism did not
make a significant difference in the development of infection.

Undoubtedly, our study had some limitations. First of all, our
study was a retrospective study. We set many exclusion cri-
teria, considering that we could obtain more homogeneous
data. This relatively reduced the number of our patients.
We believe that more specific data can be obtained through
prospective studies with proper planning and with a greater
number of patients.

Conclusion

In conclusion, as far as we are concerned, our study is the
first study questioning the usability of pre-operative N/L ratio
as an infection indicator in type 3 open fractures. Our study
showed that the pre-operative N/L ratio in type 3 open frac-
tures does not have a predictive value for a possible infection.

Peer-review: Internally peer-reviewed.

Authorship Contributions: Concept: TS.C., A.FK; De-
sign: T.S.C., A.EK.; Supervision: TS.C., A.FEK.; Resource:
TS.C., A.FK.; Materials: T.S.C.; Data: T.S.C.; Analysis: A.FK,;
Literature search: A.EK.; Writing: T.S.C.; Critical revision:
A.FK.

Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study
has received no financial support.

REFERENCES

1. Ozdemir G, Yilmaz B, Kémiir B, Sirin E, Karahan N, Ceyhan E. Treat-
ment preferences in Turkey for open fracture of the tibial diaphysis. Acta
Orthop Traumatol Turc 2017;51:133-7. [CrossRef ]

2. Schenker ML, Ahn J, Donegan D, Mehta S, Baldwin KD. The cost of
after-hours operative debridement of open tibia fractures. ] Orthop Trau-
ma 2014;28:626-31. [CrossRef]

3.  Gustilo RB, Anderson J T. Prevention of infection in the treatment of one

thousand and twenty-five open fractures of long bones: Retrospective and

696

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

prospective analyses. ] Bone Joint Surg Am 1976;58:453-8. [CrossRef]
Burns TC, Stinner DJ, Mack AW, Potter BK, Beer R, Eckel T'T; et al. Mi-
crobiology and injury characteristics in severe open tibia fractures from
combat. ] Trauma Acute Care Surg 2012;72:1062-7. [CrossRef]
Strony J, Paziuk T, Fram B, Plusch K, Chang G, Krieg J. An adjunct indi-
cator for the diagnosis of fracture-related infections: Platelet count to
mean platelet volume ratio. ] Bone Jt Infect 2020;5:54-9. [CrossRef]
Bosch P, van den Kieboom J, Plate JD, IJpma FE Houwert RM, Huis-
man A, et al. Limited predictive value of serum mﬂammatory markers
for diagnosing fracture-related infections: Results of a large retrospective
multicenter cohort study. ] Bone Jt Infect 2018;3:130-7. [CrossRef]

van den Kieboom J, Bosch P, Plate JD, IJpma FE Kuehl R, McNally MA,
et al. Diagnostic accuracy of serum inflammatory markers in late frac-
ture-related infection: A systematic review and meta-analysis. Bone Joint
J 2018;100-B:1542-50. [CrossRef]

Ozer 1, Balevi S, Ataseven A. Can neutrophil/lymphocyte ratio be
used as a marker in the diagnosis of bullous pemphigoid? Selcuk Med J
2018;34:65-9. [CrossRef]

Chandrashekara S, Mukhtar Ahmad M, Renuka P, Anupama KR, Renu-
ka K. Characterization of neutrophil-to-lymphocyte ratio as a measure of
inflammation in rheumatoid arthritis. Int ] Rheum Dis 2017;20:1457—
67. [CrossRef]

Valencia VC, de la Cruz CO, Rodriguez OM, Castellanos SG, Rangel
FA, Sandoval ME. Inflammation in hemodialysis and their correlation
with neutrophil-lymphocyte ratio and platelet-lymphocyte ratio. Nefro-
logia 2017;37:554—6. [CrossRef]

JungJ, Lee H, Yun T, , Lee E, Moon H, Joo J, et al. Prognostic role of the
neutrophil-to-lymphocyte ratio in patients with primary central nervous
system lymphoma. Oncotarget 2017;8:74975-86. [CrossRef]

Temiz A, Ersdzlii S. Admission neutrophil-to-lymphocyte ratio and
postoperative mortality in elderly patients with hip fracture. Ulus Travma
Acil Cerrahi Derg 2019;25:71—4. [CrossRef]

Ertem AG, Ozcelik F, Kasapkara HA, Koseoglu C, Bastug S, Ayhan
H, et al. Neutrophil lymphocyte ratio as a predictor of left ventricular
apical thrombus in patients with myocardial infarction. Korean Circ J
2016;46:768-73. [CrossRef]

Sigmund IK, Dudareva M, Watts D, Morgenstern M, Athanasou NA,
McNally MA. Limited diagnostic value of serum inflammatory biomark-
ers in the diagnosis of fracture-related infections. Bone Joint ] 2020;102-
B:904-11. [CrossRef]

Yapict O, Berk H, Oztoprak N, Seyman D, Tahmaz A, Merdin A. Can
ratio of neutrophil-to-lymphocyte count and erythrocyte sedimentation
rate in diabetic foot infecti on predict osteomyelitis and/or amputation?
Hematol Rep 2017;9:6981. [CrossRef]

Demirdal T, Sen P. The significance of neutrophil-lymphocyte ratio,
platelet-lymphocyte ratio and lymphocyte-monocyte ratio in predict-
ing peripheral arterial disease, peripheral neuropathy, osteomyelitis
and amputation in diabetic foot infection. Diabetes Res Clin Pract
2018;144:118-25. [CrossRef]

Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P,
Ocafa A, et al. Prognostic role of neutrophil-to-lymphocyte ratio in
solid tumors: A systematic review and meta-analysis. ] Natl Cancer Inst
2014;106:dju124. [CrossRef]

Caliskan S, Sungur M, Kaba S, Ozsoy E, Koca O, Oztiirk M. Neu-
trophil-to-lymphocyte ratio in renal cell carcinoma patients. Folia Med
(Plovdiv) 2018;60:553—7.

Patel DA, XiJ, Luo J, Hassan B, Thomas S,Ma CX,, et al. Neutrophil-to-lym-
phocyte ratio as a predictor of survival in patients with triple-negative breast
cancer. Breast Cancer Res Treat 2019;174:443—52. [CrossRef]

Ulus Travma Acil Cerrahi Derg, May 2022, Vol. 28, No. 5


https://doi.org/10.1016/j.aott.2016.12.010
https://doi.org/10.1097/BOT.0000000000000078
https://doi.org/10.2106/00004623-197658040-00004
https://doi.org/10.1097/TA.0b013e318241f534
https://doi.org/10.7150/jbji.44116
https://doi.org/10.7150/jbji.26492
https://doi.org/10.1302/0301-620X.100B12.BJJ-2018-0586.R1
https://doi.org/10.30733/std.2018.01062
https://doi.org/10.1111/1756-185X.13157
https://doi.org/10.1016/j.nefroe.2016.12.014
https://doi.org/10.18632/oncotarget.20480
https://doi.org/10.5505/tjtes.2018.94572
https://doi.org/10.4070/kcj.2016.46.6.768
https://doi.org/10.1302/0301-620X.102B7.BJJ-2019-1739.R1
https://doi.org/10.4081/hr.2017.6981
https://doi.org/10.1016/j.diabres.2018.08.009
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1007/s10549-018-05106-7

Colak et al. Does the pre-operative N/L ratio have a predictive value in detecting infection in type 3 open tibia diaphysis fractures?

20.

21.

22.

23.

Gong W, Yang S, Yang X, Guo F. Blood preoperative neutrophil-to-lym-
phocyte ratio is correlated with TNM stage in patients with papillary
thyroid cancer. Clinics (Sao Paulo) 2016;71:311—4. [CrossRef]

Faria SS, Fernandes PC Jr., Silva MJ, Lima VC, Fontes W, Freitas-Junior
R, et al. The neutrophil-to-lymphocyte ratio: A narrative review. Ecancer-
medicalscience 2016;10:702. [CrossRef |

Dickson DR, Moulder E, Hadland Y, Giannoudis PV, Sharma HK.
Grade 3 open tibial shaft fractures treated with a circular frame, function-
al outcome and systematic review of literature. Injury 2015;46:751-8.
[CrossRef]

Webb LX, Bosse M], Castillo RC, MacKenzie EJ, LEAP Study Group.

Analysis of surgeon-controlled variables in the treatment of limb-threat-

24,

25.

26.

ening Type-III open tibial diaphyseal fractures. ] Bone Joint Surg Am
2007;89:923—8. [CrossRef]

Naique SB, Pearse M, Nanchahal J. Management of severe open tibial frac-
tures: The need for combined orthopaedic and plastic surgical treatment in
specialist centres. ] Bone Joint Surg Br 2006;88:351-7. [CrossRef]

Decruz ], Antony Rex RP, Khan SA. Epidemiology of inpatient tib-
ia fractures in Singapore-a single centre experience. Chin ] Traumatol
2019;22:99-102. [CrossRef ]

Weiss RJ, Montgomery SM, Ehlin A, Al Dabbagh Z, Stark A, Jansson
KA. Decreasing incidence of tibial shaft fractures between 1998 and
2004: information based on 10, 627 Swedish inpatients. Acta Orthop
2008;79:526—33. [CrossRef ]

ORIJINAL CALISMA - 0Z

Ulus Travma Acil Cerrahi Derg, May 2022, Vol. 28, No. 5

Ameliyat 6ncesi notrofl-lenfosit oraninin Tip 3 tibia diafiz acik kiriklarinda
enfeksiyon agisindan predikeif degeri var midur ?
Dr. Tahsin Sami Golak, Dr. Ahmet Fevzi Kekeg

Necmettin Erbakan Universitesi Meram Tip Fakiiltesi, Ortopedi ve Travmatoloji Anabilim Dali, Konya

AMAC: Bu geriye doniik calismayda tibia diafiz tip 3 agik kirikli hastalarda ameliyat oncesi dénemdeki nétrofl-lenfosit (N/L) oranin enfeksiyon
gelisiminin degerlendirilmesi agisindan prediktif degeri olup olmadiginin arastiriimasi amaglanmistir.

GEREC VE YONTEM: 2015-2020 yillari arasinda Necmettin Erbakan Universitesi Meram Tip Fakiiltesi acil servisine bagvuran tibia tip 3 agik kirikli
72 hasta geriye doniik olarak tarandi. ilk tedavisinde eksternal fiksator yapilan toplam 39 hasta calismaya alindi. Hastalarin demografik verileri,
yaralanma sekli, kiltirlerinde Greme olup olmamasi ve ameliyat 6ncesi donemdeki N/L oranlari kayit edildi. Hastalar enfeksiyon varligina gére
enfeksiyon olanlar: grup | (12 hasta), enfeksiyon olmayanlar: grup 2 (27 hasta) olarak iki gruba ayrildi.

BULGULAR: Tum hastalarin 34’i (%87.2) erkek besi (%12.8) kadindi. Bu hastalarin yas ortalamasi 43.18%18.67 (19-80) idi. Toplam 39 hastadan
|2’sinde (%30.8) enfeksiyon tespit edildi. Hastalarin dokuzu (%75) monomikrobiyal gl (%25) polimikrobiyaldi. Tum hastalarin |6’sinda (%41),
enfeksiyon olanlarin altisinda (%50) ve enfeksiyon olmayanlarin 10’unda (9%37) en sik yaralanma mekanizmasi atesli silah yaralanmasiydi. Ancak
gruplar arasinda yaralanma mekanizmasi agisindan anlamli bir fark bulunmadi (p=0.445). Tiim hastalar N/L oranlari ile enfeksiyon varligi agisindan
incelendiginde grup | ve grup 2 arasinda anlamli fark tespit edilmedi (p=0.976).

TARTISMA: Ameliyat dncesi donemdeki kanda hesaplanan N/L oraninin kronik hastaliklarda predikdif degeri olmasina karsin akut tibia tip 3 agik
kirikli hastalarda enfeksiyon varligi agisindan prediktif degerinin olmadigi kanaatindeyiz.

Anahtar sozclikler: Enfeksiyon; nétrofil-lenfosit oran; tibia agik kirik.
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