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Introduction: Minimally invasive transforaminal lumbar interbody fusion 
(MIS-TLIF) is increasingly used for the treatment of degenerative lumbar spine 
disease. Despite reduced soft‑tissue trauma, early postoperative infection 
remains a clinically relevant complication and may be difficult to recognize 
in the early phase. C‑reactive protein (CRP) and creatine kinase (CK) are 
routinely available laboratory markers reflecting inflammatory response and 
muscle injury, respectively. This study aimed to evaluate the association 
between postoperative CRP and CK kinetics and early postoperative infection 
following MIS‑TLIF.
Materials and methods: A retrospective study was conducted involving 60 
patients who underwent percutaneous pedicle screw fixation and MIS‑TLIF 
between May and November 2022 at Thong Nhat Hospital, Ho Chi Minh City. 
Serum CRP and CK levels were measured preoperatively and on postoperative 
days (PODs) 3, 5, 7, 10, and 14. Postoperative infection was diagnosed based on 
Centers for Disease Control and Prevention criteria and included both surgical 
site and extra‑surgical site infections. Pain outcomes were evaluated using 
the Visual Analog Scale (VAS). Statistical comparisons were performed using 
paired t‑tests or Wilcoxon tests, and Mann–Whitney U tests for independent 
samples.
Results: Six patients (10%) developed postoperative infections, including 
two deep infections, one superficial infection, and three extra‑surgical site 
infections. In the overall cohort, CRP peaked on POD 3 and gradually declined, 
with 76% of patients returning to normal levels by POD 14. In infected patients, 
CRP showed a higher peak and a delayed decline, with a secondary elevation 
observed after POD 7. CRP levels differed significantly between infected and 
non‑infected groups on POD 10 and POD 14 (p < 0.05). In contrast, CK peaked 
on POD 3 and normalized in most patients by POD 10, with no significant 
differences between groups. VAS scores for back and leg pain improved 
significantly one week after surgery.
Conclusion: Serial CRP is a useful supportive marker associated with early 
postoperative infection when interpreted serially and in conjunction with 
clinical findings after MIS‑TLIF, particularly when CRP fails to decline or 
increases again after PODs 7–10. CK reflects postoperative muscle injury 
but does not provide additional diagnostic value for infection detection. CRP 
trends should be interpreted in conjunction with clinical findings to guide early 
diagnosis and management.
Keywords: C‑reactive protein; creatine kinase; postoperative infection; 
minimally invasive spine surgery; MIS‑TLIF

Introduction
Minimally invasive transforaminal lumbar interbody 

fusion (MIS‑TLIF), first described by Foley in 2003, has 
gained widespread acceptance due to reduced soft‑tissue 
damage, less paravertebral muscle injury, and faster 
postoperative recovery compared with open techniques. 
Nevertheless, postoperative infection remains one of the 
most serious complications of spinal surgery, potentially 
leading to prolonged hospitalization, revision surgery, 
and increased healthcare costs [1, 2, 3].

Despite standard preventive measures, including 
perioperative antibiotic prophylaxis and meticulous 

surgical technique, reported infection rates after lumbar 
fusion range from 1.9% to 11.9%, while minimally 
invasive approaches demonstrate lower rates of 
approximately 0.6–2.7%. Early diagnosis of infection 
following MIS‑TLIF is particularly challenging because 
clinical symptoms may be subtle or delayed [4, 5, 6].

C‑reactive protein (CRP) is an acute‑phase reactant 
synthesized by hepatocytes in response to inflammatory 
cytokines and typically rises within hours after tissue 
injury or infection. After uncomplicated spinal surgery, 
CRP levels usually peak around postoperative day 3 and 
subsequently decline. Deviation from this normal kinetic 
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pattern may indicate an infectious complication. Creatine 
kinase (CK), an enzyme released during muscle injury, 
also increases after spinal surgery but primarily reflects 
the extent of muscle trauma rather than infection. The 
clinical value of CK for detecting postoperative infection 
remains uncertain [7, 8, 9].

The aim of this study was to evaluate the association 
between serial postoperative CRP and CK measurements 
and early postoperative infection after MIS‑TLIF, and to 
clarify their clinical usefulness in routine postoperative 
monitoring.

Materials and methods
Study Design and Patients
This retrospective study included 60 patients 

who underwent percutaneous pedicle screw fixation 
and MIS‑TLIF at Thong Nhat Hospital, Ho Chi Minh 
City, between May and November 2022. Patients with 
evidence of infection before postoperative day 3 were 
excluded. All patients received prophylactic cefazolin (2 
g intravenously) 30 minutes before skin incision, with a 
repeated dose if operative time exceeded 4 hours.

Laboratory Measurements
Serum CRP and CK levels were measured 

preoperatively and on PODs 3, 5, 7, 10, and 14. Normal 
CRP levels were defined as ≤5 mg/L. Pain severity was 
assessed using the Visual Analog Scale (VAS) for back 
and leg pain preoperatively and on postoperative day 7.

Definition of Infection
Postoperative infections, including surgical site 

infections and extra‑surgical site infections, were defined 
according to Centers for Disease Control and Prevention 
criteria. [10] Patients were considered recovered 
when clinical improvement was accompanied by two 
consecutive negative CRP measurements obtained at 
least 15 days apart.

Statistical Analysis
Statistical analysis was performed using SPSS version 

29.0. Normality was assessed using the Kolmogorov–
Smirnov or Shapiro–Wilk tests as appropriate. Paired 
t‑tests or Wilcoxon tests were used for within‑group 
comparisons, and Mann–Whitney U tests were applied for 
comparisons between infected and non‑infected groups. 
A p‑value ≤0.05 was considered statistically significant.

Results
Among the 60 patients, 25 were male and 35 female. 

The mean age was 58.8±1.4 years. The average number 
of surgical levels was 2.12±0.1. The average surgery 
time was 226.75±5.6 minutes. There were 6 recorded 
cases of infection, including 1 superficial infection, 2 
deep infections and 3 extra-incision infections as uninary 
tract infection (Table 1).

Postoperative CRP levels increased in all patients 
reaching a peak on postoperative day 3, followed by a 
gradual decline over time. In patients who developed 
infection, CRP demonstrated a higher peak and a slower 
decrease compared with the non-infected group. In 
addition, a secondary elevation or persistent plateau 
after postoperative day 7 was observed in infected cases, 
whereas CRP values in non-infected patients continued 
to decrease steadily. Differences between the two 
groups became more evident in the later postoperative 
period, particularly after postoperative day 10. Detailed 
numerical values are presented in Table 2.

Fig. 1 illustrates the overall trend of CRP changes 
over time in both groups, highlighting the higher peak 
and delayed decline observed in infected patients.

Postoperative CK levels peaked on day 3 (1081±99 
U/L) and then gradually decreased, with 81% of patients 
returning to normal CK levels after 10 days. No statistically 
significant differences in CK levels were observed between 
the infected and non-infected groups (Fig. 2).

Table 1. Patients demographic and surgical profile

Demographic data Mean±SD

Age 58.8±1.4

Sex

Male 25

Female 35

Number of surgical levels 2.12±0.1

1 level 13

2 levels 30

3 levels 14

4 levels 3

Surgical time (min) 226.75±5.6

Number of infections 6

Superficial infection 1

Deep infection 2

Extra-incision infection 3
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The variables of age, number of surgical levels, 
and time of surgery were not related to infection 
status. Among 6 patients with infection, 5 patients had 
comorbidities, of which exogenous Cushing syndrome 
accounted for 3/6 (50%) (Table 3).

VAS scores 1 week after surgery significantly 
improved compared to preoperative values. Back pain 
VAS decreased from 5.88 ± 0.19 to 3.88 ± 0.61 (p < 
0.001), while leg pain VAS decreased from 7.05 ± 0.16 
to 1.5 ± 0.11 (p < 0.001).

Table 2. Comparison of CRP values between two groups

CRP values No infection Infection P-value

Preoperative 3.5±0.4 4.67±1.64 0.306

Postoperative day 3 97.35±8.48 141.86±43.03 0.289

Postoperative day 5 38±3.63 54.55±11.18 0.121

Postoperative day 7 13.5±1.37 19.8±3.83 0.091

Postoperative day 10 7.1±0.93 23.2±7.36 0.002*

Postoperative day 14 3.67±0.38 25.58±2.56 <0.001*

Note. * Statistically significant

Fig. 2. Mean CK values between infected and non-infected patients, measured preoperatively 
and on days 3,5,7,10 and 14. Values are presented as mean±SD

Fig. 1. Mean CRP values between the infected and non-infected patients, measured 
preoperatively and on PODs 3,5,7,10,14, respectively



61Ukrainian Neurosurgical Journal. Vol. 32, N2, 2026

http://theunj.org

Table 3. Analysis of infection status with other variables

Variables No infection Infection P-value

Age 58.31±1.38 63±6.7 0.361

Number of surgical levels 2.04±0.1 2.83±0.5 0.056

Surgical time (min) 227.87±5.82 216.67±21.1 0.734

Comorbidity Exogenous Cushing syndrome: 
3 cases  

Diabetes mellitus and 
Hypertension: 2 cases 
No comorbidity: 1 case

Discussion
CRP is produced by the liver in response to 

inf lammation, infection, malignancy, and tissue 
damage with a relatively high sensitivity, rate of 
response, and range compared to other acute phase 
reactants [2]. However, the primary acute phase 
reaction of CRP is not specific to surgery or infection 
and can be caused by a number of conditions including 
necrosis, inflammatory disease, allergic complications 
of infection, and infectious disease and malignancies 
[8]. In the early postoperative period, numerous 
studies have described the normal kinetics of CRP as 
rapidly increasing, peaking on day 3, followed by a 
sharp decrease and then gradually decreasing with 
normalization on within 14–21 days. Deviations from 
the normal kinetics of CRP may indicate an infectious 
complication [11].

In the present study, similar to previous reports, 
CRP levels increased rapidly after surgery, peaked 
on day 3 and then gradually decreased. Patients with 
postoperative infection had a slow decrease in CRP 
levels and a tendency to increase again on the 7th 
postoperative day. Similarly, Kang et al. [12] found 
that infections had a rebound in CRP levels on day 5 
or 7 postoperatively. Hotably, 72% of the non-infected 
patients did not demonstrate normalization of CRP by 
postoperative day 7, however their levels gradually 
decreased thereafter, whereas CRP levels in the infected 
group showed a secondary increase. In our cohort, CRP 
levels between the infected and non-infected groups was 
significantly different at day 10. Although, in the infected 
group, CRP level had a higher peak on day 3 (141.86±43 
vs 97.35±8.5), but the difference was not statistically 
significant (p = 0.289).

Of the 6 infected patients, there were three cases 
of urinary tract infection with positive urine test for 
white blood cells and nitrites. One patient developed 
a superficial infection after suture removal on day 10, 
characterized by purulent discharge; Staphylococcus 
epidermidis was isolated on culture, and the patient was 
successfully treated with oral antibiotics. There were 
2 patients diagnosed with deep infection, presenting 
with fever, back pain, increased white blood cell count, 
elevated CRP levels. MRI demonstrated soft tissue 
inflammatory changes in the surgical area, without 
evidence of abscess formation and negative blood 
cultures. These patients with deep infection received 

intravenous antibiotics. All patients recovered with 
conservative treatment.

CK, an enzyme that catalyzes biochemical reactions 
in the body, the concentration of CK in the blood will 
help reflect the activity status and health of the muscle 
mass. CK also recorded a rapid increase after surgery 
and peaked on day 3, then gradually decreased [9]. In 
current study, CK peaked (1047.33±90.2) on day 3, then 
gradually decreased and 81% of patients returned to 
normal levels on day 10 postoperatively. The difference in 
CK levels between the infected and non-infected groups 
was not statistically significant.

Analysis of other factors including age, surgical time, 
number of surgical levels were not related to infection 
status. Although in the infection group there were more 
surgical levels and older age, but the difference was 
not statistically significant (p>0.05). Notably, five of 
six patients in the infection group had comorbidities, 
including three cases of exogenous Cushing syndrome 
(accounting for 50%).

Regarding clinical outcomes, MIS-TLIF demonstrated 
favorable short-term results. Pain scores assessed using 
the VAS showed significant improvement one week after 
surgery compared with preoperative surgery. Back 
pain VAS decreased from 5.88±2 0.19 to 3.88±0.61; 
p<0.001, while leg pain VAS decreased from 7.05±0.16 
to 1.5±0.11; p<0.001.

Overall, this study demonstrates that serial CRP 
measurements provides clinically useful information 
for the early identification of postoperative infection 
following MIS‑TLIF. Consistent with previous reports 
[13,14]. CRP peaked on postoperative day 3 in all 
patients. However, infected patients showed delayed 
normalization and secondary elevation, particularly 
after postoperative day 7, distinguishing them from 
non‑infected patients.

Although CK also increased after surgery, reflecting 
muscle injury, it did not differ significantly between 
infected and non‑infected groups. This finding supports 
the interpretation that CK is primarily a marker of 
surgical trauma rather than infection [15].

Importantly, a substantial proportion of non‑infected 
patients had persistently elevated CRP levels in the 
early postoperative period, emphasizing that single CRP 
measurements should not be overinterpreted. Instead, 
CRP trends over time — especially after postoperative 
day 7–10 — appear to be more informative. Given the 
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small number of infection cases, the findings should 
be interpreted as demonstrating an association rather 
than definitive predictive value.

Limitations
Limitations of this study include its retrospective 

design, the relatively small number of infection cases, 
and the absence of multivariable analysis to adjust 
for potential confounding factors. In addition, steroid 
exposure, which may influence CRP responses, was 
only partially accounted for through comorbidity data 
and could not be evaluated in detail. Recent studies 
and systematic reviews have likewise emphasized 
the importance of CRP kinetics over single absolute 
cutoff values for the early detection of postoperative 
infection after spine surgery, while also indicating 
the limited diagnostic role of muscle injury markers 
such as CK [16,  17]. These contemporary findings 
are consistent with our results and support the use 
of serial CRP monitoring in conjunction with clinical 
assessment rather than reliance on isolated laboratory 
measurements. Future prospective studies with larger 
sample sizes and standardized protocols are warranted 
to validate these observations and to establish 
clinically meaningful thresholds for postoperative CRP 
interpretation.

Conclusions
Serial monitoring of CRP is a simple and reliable 

supportive tool for the early detection of postoperative 
infection after MIS‑TLIF, particularly when CRP levels 
fail to decline or demonstrate a secondary increase 
after postoperative day 7–10. CK does not appear to 
provide additional diagnostic value for infection. CRP 
trends should be interpreted in conjunction with clinical 
findings to guide early diagnosis and management. 
These findings indicate an association rather than 
definitive predictive value and should be interpreted 
in light of the study’s retrospective design and limited 
number of infections.

Disclosure
Conflict of Interest
No potential conflict of interest relevant to this article 

was reported.
Funding
This research received no external funding.

References

1.	 Foley KT, Holly LT, Schwender JD. Minimally 
invasive lumbar fusion. Spine (Phila Pa 1976). 
2003 Aug 1;28(15 Suppl):S26-35. doi: 10.1097/01.
BRS.0000076895.52418.5E

2.	 Dowdell J, Brochin R, Kim J, Overley S, Oren 
J, Freedman B, Cho S. Postoperative Spine 
Infection: Diagnosis and Management. Global 
Spine J. 2018 Dec;8(4 Suppl):37S-43S. doi: 
10.1177/2192568217745512

3.	 Mok JM, Pekmezci M, Piper SL, Boyd E, Berven SH, 
Burch S, Deviren V, Tay B, Hu SS. Use of C-reactive 
protein after spinal surgery: comparison with 
erythrocyte sedimentation rate as predictor of early 
postoperative infectious complications. Spine (Phila 

Pa 1976). 2008 Feb 15;33(4):415-21. doi: 10.1097/
BRS.0b013e318163f9ee

4.	 Bišćević M, Bišćević S, Ljuca F, Smrke BU, Krupić 
F, Habul Ć. Postoperative infections after posterior 
spondylodesis of thoracic and lumbal spine. Surgical 
spine infections. Psychiatr Danub. 2014 Dec;26 
Suppl 2:382-6.

5.	 Villavicencio AT, Burneikiene S, Nelson EL, Bulsara 
KR, Favors M, Thramann J. Safety of transforaminal 
lumbar interbody fusion and interver tebral 
recombinant human bone morphogenetic protein-2. 
J Neurosurg Spine. 2005 Dec;3(6):436-43. doi: 
10.3171/spi.2005.3.6.0436

6.	 Kulkarni AG, Patel RS, Dutta S. Does Minimally 
Invasive Spine Surgery Minimize Surgical Site 
Infections? Asian Spine J. 2016 Dec;10(6):1000-
1006. doi: 10.4184/asj.2016.10.6.1000

7.	 Thelander U, Larsson S. Quantitation of C-reactive 
protein levels and erythrocyte sedimentation 
rate after spinal surgery. Spine (Phila Pa 1976). 
1992 Apr;17(4):400-4. doi: 10.1097/00007632-
199204000-00004

8.	 Larsson S, Thelander U, Friberg S. C-reactive protein 
(CRP) levels after elective orthopedic surgery. Clin 
Orthop Relat Res. 1992 Feb;(275):237-42.

9.	 Griffith M, Shaw KA, Baird M, Rushford P, Shaw V, 
Roberts A, Gloystein DM. Defining the Normal Trends 
of Serum Creatine Kinase Levels Following Spinal 
Surgery. Asian Spine J. 2019 Jun;13(3):386-394. 
doi: 10.31616/asj.2018.0191

10.	 Horan TC, Gaynes RP, Martone WJ, Jarvis WR, 
Emori TG. CDC definitions of nosocomial surgical 
site infections, 1992: a modif ication of CDC 
definitions of surgical wound infections. Am J Infect 
Control. 1992 Oct;20(5):271-4. doi: 10.1016/s0196-
6553(05)80201-9

11.	 Hoeller S, Roch PJ, Weiser L, Hubert J, Lehmann 
W, Saul D. C-reactive protein in spinal surgery: 
more predictive than prehistoric. Eur Spine J. 2021 
May;30(5):1261-1269. doi: 10.1007/s00586-021-
06782-8

12.	 Kang BU, Lee SH, Ahn Y, Choi WC, Choi YG. 
Surgical site infection in spinal surgery: detection 
and management based on serial C-reactive 
protein measurements. J Neurosurg Spine. 2010 
Aug;13(2):158-64. doi: 10.3171/2010.3.SPINE09403

13.	 Shetty S, Ethiraj P, Shanthappa AH. C-reactive 
Protein Is a Diagnostic Tool for Postoperative 
Infection in Orthopaedics. Cureus. 2022 Feb 
16;14(2):e22270. doi: 10.7759/cureus.22270

14.	 Ahmed SK, Shahzad MG, Iftikhar S. Diagnostic 
accuracy of C-reactive protein to rule out infectious 
complications following hip fracture surgery. Pak 
J Med Sci. 2022 Jul-Aug;38(6):1514-1519. doi: 
10.12669/pjms.38.6.5577

15.	 Maleitzke T, Zhou S, Zocholl D, Fleckenstein FN, 
Back DA, Plewe JM, Weber J, Winkler T, Stöckle 
U, Tsitsilonis S, Märdian S. Routine laboratory 
parameters predict intensive care unit admission 
and hospitalization in patients suffering stab 
injuries. Front Immunol. 2023 Jan 5;13:959141. doi: 
10.3389/fimmu.2022.959141

16.	 Youn G, Choi MK, Kim SB. Comparison of Inflammatory 



63Ukrainian Neurosurgical Journal. Vol. 32, N2, 2026

http://theunj.org

Markers Changes in Patients Who Used Postoperative 
Prophylactic Antibiotics within 24 Hours after Spine 
Surgery and 5 Days after Spine Surgery. J Korean 
Neurosurg Soc. 2022 Nov;65(6):834-840. doi: 
10.3340/jkns.2022.0126

17.	 Suryawanshi A, Patkar H, Aute S, Rathi PC, Rathi 

CL, Risbud SP, Ganu GP. Systemic enzyme therapy 
for postoperative inflammation and wound healing 
after orthopedic surgery: a randomized, placebo and 
active controlled clinical study. Sci Rep. 2025 Oct 
2;15(1):34336. doi: 10.1038/s41598-025-16747-2


