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Serum caspase-1 levels serve as a predictive
biomarker for the prognosis of patients undergoing
arthroscopic-assisted locking plate internal fixation

in the treatment of high-energy pilon fractures
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Abstract. The present study aimed to investigate the serum
levels of caspase-1 in patients with high-energy pilon frac-
tures, and its correlation with prognosis and clinical results.
In this prospective study, 136 patients with high-energy pilon
fractures who were treated with a locking plate combined
with ankle arthroscopy from July 2015 to July 2020 were
included. The treatment efficacy was evaluated according
to the Mazur ankle function score. Serum caspase-1, inter-
leukin (IL)-6, IL-1p and C-reactive protein (CRP) levels
were measured using enzyme-linked immunosorbent assay.
Reverse transcription-quantitative PCR was used to measure
the mRNA expression of caspase-1. Additionally, demo-
graphic data and clinical characteristics, such as sex, age,
intraoperative blood loss, fracture healing time, fracture clas-
sification and complications were collected and analyzed. The
study revealed that the intraoperative blood loss, proportion
of Ruedi-Allgower III and the serum levels of caspase-1 in
the poor prognosis group were significantly higher compared
with those in the good prognosis group. Additionally, patients
with high-energy pilon fractures in the poor prognosis group
exhibited significantly higher levels of caspase-1 and IL-1p
serum levels at all time points in contrast to those in the good
prognosis group. Spearman's analysis revealed a significant
association between caspase-1, IL-1f levels and Mazur scores.
Furthermore, caspase-1 could serve as a potential diagnostic
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biomarker for poor prognosis of patients with high-energy
pilon fractures. Caspase-1, IL-1p, intraoperative blood loss and
Ruedi-Allgower grade were the risk factors for poor prognosis
in patients with high-energy pilon fractures. In summary,
this study demonstrated that serum caspase-1 levels were
progressively reduced during the treatment of high-energy
pilon fractures patients and prominently lowered in those with
a favorable prognosis. These findings could provide novel
targets and a comprehensive approach to protecting patients
with high-energy pilon fractures.

Introduction

Pilon fractures are lower segment injuries of the tibia that
usually occur due to high-energy impact and affect the inferior
articular surface. These fractures may be accompanied by addi-
tional fractures to the medial, lateral or posterior malleoli (1). A
distal tibial plafond fracture is also known as a pilon fracture,
which describes the high-energy axial compression force of the
tibia acting as a pestle, driving vertically into the talus. These
fractures constitute 1-10% of the lower leg or tibial fractures
and are frequently accompanied by severe bone comminution
and soft-tissue compromise (2,3). These fractures may also
extend to the metaphyseal extension and be associated with
fibular fractures (4). At present, high-energy pilon fractures are
primarily caused by traffic accidents and high falls (5).

The two most common classification systems used to
describe pilon fractures are the Ruedi-Allgower classifica-
tion and the Arbeitsgemeinschaftfiir Osteosynthesefragen
Foundation/Orthopedic Trauma Association classification.
Currently, the Ruedi-Allgower classification is the most
commonly used clinical classification for pilon fractures,
which is mainly evaluated according to the degree of articular
surface involvement and bone block displacement (6). Type 11
and III pilon fractures are mostly caused by high-energy
traumas (5,7). When soft-tissue damage is severe and the artic-
ular surface is broken, surgical reduction and fixation become
challenging, and the overall prognosis for the patient is unfa-
vorable (8). Pilon fractures can be some of the most difficult
fractures to treat; as they are often associated with high-energy
trauma, both soft-tissue involvement and comminuted fracture
patterns pose challenges to fixation (9). Traditional clinical
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treatment for high-energy pilon fractures typically involves
external fixation combined with limited internal fixation (10)
and delayed open reduction and internal fixation (11-13). With
advancements in instruments and the refinement of surgical
techniques, arthroscopy is now also being utilized for the
treatment of high-energy pilon fractures (14-17).

Fractures can result in a variety of cellular responses, including
pyroptosis (18). Pyroptosis is a form of programmed cell death
that occurs when cells are exposed to inflammatory signals or
pathogens, and caspase-1 serves as a significant biomarker
associated with pyroptosis (19). The molecular mechanism of
pyroptosis involves the activation of a protein complex called
the inflammasome, which leads to the cleavage and activation
of caspase-1 (20). Once caspase-1 is activated, it can then cleave
several downstream substrates, including gasdermin D. Cleavage
of gasdermin D leads to the formation of membrane pores,
which allow the release of cytoplasmic contents and ultimately
result in cell death (21). Additionally, the activation of caspase-1
can also lead to the release of pro-inflammatory cytokines, such
as interleukin (IL)-1f3 and IL-18, which can further exacerbate
inflammation and tissue damage (22). The latest research has
revealed the value of the NLRP3/caspase-1/gasdermin D pyrop-
tosis pathway in fracture repair (23). However, to the best of our
knowledge, no studies have addressed the clinical significance of
serum caspase-1 in patients with fractures.

The present prospective observational study was conducted
from July 2015 until July 2020, with 136 cases of high-energy
pilon fracture being treated using an arthroscopic-assisted
locking plate. The objective was to investigate serum levels
of caspase-1 in patients with high-energy pilon fractures and
their correlation with clinical results and prognosis.

Patients and methods

Patients. The present prospective observational study included
136 patients (mean age, 47; age range, 24-66; 52.9% female)
with high-energy pilon fractures who were treated with
locking plates combined with ankle arthroscopy in Ordos
Central Hospital (Ordos, China) from July 2015 to July 2020.
The entire study was conducted according to the Declaration of
Helsinki. The study was approved by the Ethics Committee of
Ordos Central Hospital (approval no. IRB2015-OCHOS-116).
Written informed consent was obtained from all participants.

The inclusion criteria were: i) Meeting the diagnostic
criteria of a pilon fracture, with a history of high-energy
trauma with soft tissue injury; ii) admission immediately after
trauma, with the time from trauma to admission <360 min;
and iii) complete clinical data. The following patients were
excluded: i) Bilateral pilon fracture; ii) osteofascial compart-
ment syndrome; iii) severe injury to other organs; and iv) shock.

Riiedi and Allgower classifies pilon fractures into three
types. Type I fractures involve column displacement of the
articular surface. Type II fractures involve displacement of
the articular surface without comminution. Type III fractures
are comminuted, involving the metaphysis and articular
surface (24). The present study combined type I and II frac-
tures into type II.

Surgery. All patient treatments and surgeries were performed
by the same team at Ordos Central Hospital. At admission, the

affected ankle joints of all patients were reconstructed with
anteroposterior and lateral axial computed tomography (CT)
three-dimensional reconstruction to accurately reconstruct the
fracture morphology and understand the fracture pattern. The
doctor determined the operation time based on the extent of
soft tissue damage of each patient. Notably, the three-dimen-
sional reconstruction of the CT was performed prior to the
selective operation to ensure that the fracture block remained
unchanged after traction. The CT scan was performed after
calcaneal traction in all cases that required traction.

General anesthesia was administered to all patients who were
positioned supine. A lower limb tourniquet was used under the
premise that pressure and time were controlled. The fibula was
internally fixed to restore the anatomical length of the fibula as
much as possible. Any osteochondral debris and blood clots present
in the joint were removed, and the displacement of the articular
fracture was observed. The fracture was reduced through prying
and pulling under arthroscopy and secured with Kirschner wire.
Following confirmation of a level articular surface on the distal
tibia, the arthroscopy was withdrawn. A C-arm X-ray machine
was used to check the reduction. The steel plate was positioned
based on the structural characteristics of the fracture and the
condition of the skin surrounding the ankle joint. A small inci-
sion was made locally to minimize the excessive stripping of the
periosteum and protect the soft tissue as much as possible. With
the assistance of the tibial tunnel locator, the contralateral fracture
block was secured using the appropriate tibial multiaxial locking
plate. The reduction of the articular surface was examined. If the
reduction was successful, holes were drilled and nails were placed
to complete tibial fixation. Microscopically, the articular cartilage
defect was treated with microfracture to repair the damaged
ligament structure around the ankle joint. After washing and
suturing, a drainage tube was placed.

For postoperative treatment, the affected limb was fixed
with a brace and then raised. The prophylactic use of antibi-
otics is recommended for open high-energy pilon fractures to
prevent infection. The drainage tube was removed in a timely
manner according to the drainage condition. The patient was
instructed to conduct exercises so long as no obvious pain
was experienced in the affected area to ensure a step-by-step
progression during postoperative functional rehabilitation.
All patients underwent postoperative radiographs with time
intervals, as well as postoperative CT scans.

Blood sampling measurement. The enzyme-linked immu-
nosorbent assay (ELISA) was utilized to measure the serum
levels of caspase-1, IL-6, IL-1p and C-reactive protein (CRP).
All cases had their blood samples collected from the median
cubital vein (5 ml) after fasting for 8 h but within 24 h after
admission for all cases. These blood samples were centrifuged
at 2,000 x g and a temperature of 4°C for 15 min, and the
serum (supernatant) was analyzed by ELISA testing utilizing
commercially available kits [caspase-1 (cat. no. MBS084975);
IL-6 (cat. no. MBS175877); CRP (cat. no. MBS177184); IL-13
(cat. no. MBS175901); all from MyBioSource, Inc.]. Serum
biomarker levels were measured at 0, 1, 2, 3, 4 weeks and 3, 6,
12 and 24 months after treatment initiation.

Reverse transcription-quantitative PCR (RT-gPCR). All
136 patients in the two groups were measured for their
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Table 1. Basic characteristics of all patients.

Variable Good prognosis group (n=107) Poor prognosis group (n=29) P-value
Age, years 46 (24-66) 51 (29-65) 0.112
Female sex, n (%) 58 (54.2) 14 (48.2) 0.480
BMI 25.11+2.46 24.71+£2.40 0.890
Intraoperative blood loss, ml 106.17£8 91 117.06+6.82 <0.001
Fracture healing time, weeks 13 (6-22) 17 (8-23) 0.037
Injury causes, n (%)

Falling 58 (54.21) 13 (44.83) 0.663

Traffic accidents 49 (45.79) 16 (45.17) 0.663
Ruedi-Allgower, n (%)

II 66 (61.68) 5(17.24) <0.001

III 41 (39.32) 24 (82.76) <0.001
Fracture types, n (%)

Closed 64 (59.81) 18 (62.07) 0.885

Open 43 (40.19) 11 (37.93) 0.885
Complications, n (%)

Infection 5 (4.67) 2 (6.90) 0.767

Non-union 3 (2.80) 1 (3.45) 0.999

Other 5(4.67) 2 (6.90) 0.767
Caspase-1, pg/ml 54.07+2.68 56.13+3.37 0.001
CRP, pg/ml 1,986.02+162.13 1,969.80+150.73 0.629
IL-1pB, pg/ml 20.95+3.15 20.58+3.39 0.577
IL-6, pg/ml 23.13+3.88 22.79+4 51 0.683
Mazur score 93 (87-99) 75 (64-85) <0.001

Continuous data with non-normal distribution were expressed by median (minimum to maximum) and analyzed by Mann-Whitney U test (age,
fracture healing time and mazur score). Continuous data with normal distribution were expressed by mean + standard deviation and analyzed
using unpaired Student's t-test (BMI, intraoperative blood loss, Caspase-1, CRP, IL-1 and IL-6). Chi square test was used for rates (Injury
causes, Ruedi-Allgower, fracture types and complications). BMI, body mass index; CRP, C-reactive protein; IL, Interleukin.

mRNA expression of caspase-1 using RT-qPCR. For total
RNA extraction from serum samples, the present study used
the RNAiso Plus kit (Takara Bio, Inc.), and subsequently
transcribed it into cDNA using the Prime-Script™ one-step
RT-qPCR kit (Takara Bio, Inc.) according to the manufac-
turer's protocols. The RT-qPCR process was performed on
the ABI PRISM7300 Sequence Detection System (Applied
Biosystems; Thermo Fisher Scientific, Inc.) using the SYBR
Premix ExTaq (Takara Bio, Inc.). The thermocycling condi-
tions used for gPCR were as follows: An initial activation step
at 95°C for 15 min, followed by 35 cycles of denaturation at
94°C for 15 sec, annealing at 55°C for 25 sec and extension
at 70°C for 30 sec. Primer sequences for caspase-1 were as
follows: Forward, 5'-CACACCGCCCAGAGCACAAG-3', and
reverse, S-TCCCACAAATGCCTTCCCGAATAC-3'. Primer
sequences for GAPDH were as follows: Forward, 5'-ACA
CCATGTATTCCGGGTCAAT-3', and reverse, 5'-CCACCA
CCCTGTTGCTGTAG-3'. GAPDH was utilized as an internal
control. Expression levels of caspase-1 were calculated using
the 244%4 method (25).

Data collection and scale scoring. Demographic and clinical
statistics, such as age, BMI, sex, intraoperative blood loss, fracture

healing time, Ruedi-Allgower grade, injury causes (falling or
traffic accidents), fracture types (closed or open) and post-surgery
complications, were collected. In addition, all patients were
followed up for at least 24 months, and data from the 24-month
period were used with follow-up through to the end of July 2022,
and patients received the last follow-up in July 2022. The Mazur
ankle joint evaluation system was used to assess the effective-
ness of the treatment (26). Patients with Mazur scores =87 were
defined as having a good prognosis, while patients with Mazur
scores <86 were defined as having a poor prognosis.

Statistical analysis. The database was established using the
statistical software SPSS 25.0 (IBM Corp.). The normal distri-
bution of data was confirmed by the Kolmogorov-Smirnov
analysis. Mean + standard deviation was used to express
normal distribution data, while non-normal distribution data
were expressed as median (range). The comparison between
two groups was carried out using the Mann-Whitney test or
unpaired Student's t-test. Rates were determined using ¥ test,
and correlation analysis was conducted using Spearman's rank
correlation. Receiver operating characteristic (ROC) curve
analysis was conducted to diagnose the ability of caspase-1 for
predicting poor prognosis in patients with high-energy pilon
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Table II. Comparison of baseline data for sex subgroup analysis.

-ENERGY PILON FRACTURE

Variable Male (n=64) Female (n=72) P-value
Age, years 44 (24-64) 49 (24-66) 0.370
BMI 25.33+2.40 24.78+2 .49 0.280
Intraoperative blood loss, ml 109.35+9.77 107.72+9 .43 0.325
Fracture healing time, weeks 13 (6-22) 16 (6-23) 0.362
Caspase-1, pg/ml 54.75£2.92 54.30+£2.98 0.376
CRP, pg/ml 1,958.18+156.90 2,004.23+159.48 0.093
IL-1B, pg/ml 20.79+3.04 20.94+3.35 0.783
IL-6, pg/ml 23.42+3.59 22.74+4 .35 0.326
Mazur score 91 (64-99) 92 (64-99) 0.906
Poor prognosis, n (%) 15 (22.7) 14 (19.4) 0.603

Continuous data with non-normal distribution were expressed by median (minimum to maximum) and analyzed by Mann-Whitney U test

(age, fracture healing time and mazur score). Continuous data presented
analyzed by unpaired Student's t-test (BMI, intraoperative blood loss, Ca:

normal distribution were expressed by mean + standard deviation and
spase-1, CRP, IL-1f and IL-6). Chi square test was used for rates (poor

prognosis). BMI, body mass index; CRP, C-reactive protein; IL, Interleukin.
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fractures. Logistic regression was performed to identify risk
factors for poor prognosis in these patients, with high-energy
pilon fractures. All data were analyzed with three replicates
to ensure statistical robustness. P<0.05 was considered to
indicate a statistically significant difference.
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Results

Basic characteristics of all patients. The present research
enrolled a total of 136 patients with high-energy pilon fractures.
All patients measured Mazur ankle joint evaluation system
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after 24 months of surgery. The participants were categorized
into two groups: The good prognosis group (Mazur score =87,
n=107) and the bad prognosis group (Mazur score <86; n=29).
Comparing the demographic and clinical data of two groups
when the patients hospitalized, the present study observed
significant differences. The poor prognosis group exhibited
markedly higher levels of intraoperative blood loss, propor-
tion of Ruedi-Allgower III and the serum levels of caspase-1
compared with the good prognosis group (P<0.05; Table I).
The Mazur scores in patients with good prognoses were mark-
edly higher than those in patients with bad prognoses (P<0.05;
Table I). Additionally, the fracture healing time in patients
with bad prognoses was significantly longer compared with the
patients with poor prognoses (P<0.05; Table I). Subsequently,
the present study conducted a subgroup analysis based on sex
and observed no significant differences in intraoperative blood
loss, postoperative healing time, baseline serum cytokine
levels and Mazur scores between male and female patients
(Table II).

Comparisons of caspase-1 and inflammatory factors between
the good and bad prognosis groups. To further investigate the
connection between caspase-1 and inflammation in patients
with high-energy pilon fractures, the present study plotted line
graphs for all participants. As the levels of these cytokines had
already returned to normal levels from the 3rd month after
surgery, and there was no significant difference between the
two groups, the present study used serum levels of the cyto-
kines in the first month postoperatively for analysis. These
graphs depict the fluctuations of caspase-1 and inflammatory
biomarkers over the course of the study. The levels of serum
biomarkers (caspase-1, CRP, IL-1f and IL-6) increased in both
groups within the first week, but gradually decreased during
the subsequent treatment and follow-up periods (Fig. 1A-D).
Furthermore, significant differences in the levels of serum
caspase-1 and IL-1p levels were observed among patients
with high-energy pilon fractures in the poor prognosis group
compared with those in the good prognosis group at all time
points (P<0.05). Conversely, no significant differences were
found in serum CRP and IL-6 levels were found between the
two groups (Fig. 1B and D). The serum levels of the cytokines
at the 3rd, 6th, 12th and 24th months after surgery for all
patients are presented in Table SI. There were no significant
differences in any serum cytokine levels between the good and
poor groups from 3-24 months after surgery.

As cytokines levels during the first postoperative week
were the highest of all time points during the study, based on
the methodology of previous studies (27-29), serum biomarkers
levels in the first week after surgery were used for further
analysis. To verify the high expression of caspase-1 in patients
with high-energy pilon fractures who have a poor prognosis,
the present study analyzed the mRNA expression of caspase-1
in the serum of all patients during the first week after surgery
using PCR. The results indicated that the mRNA expression
of caspase-1 was significantly higher in patients with a poor
prognosis compared with those with a good prognosis (P<0.05;
Fig. 1E). Spearman's analysis demonstrated a significant asso-
ciation between caspase-1 and IL-1f levels and Mazur scores
(P<0.05; Table III). The results of the correlation analyses at
the other time points are presented in Tables SII-V, and starting

Table III. Correlation analysis between caspase-1 and clinical
factors.

Caspase-1
Variables Spearman's correlation ~ P-value
Intraoperative blood loss 0.111 0.200
Fracture healing time 0.130 0.132
CRP 0.117 0.175
IL-1p 0.183 0.033
IL-6 -0.015 0.876
Mazur scores -0.294 0.001

CRP, C-reactive protein; IL, Interleukin.

Table I'V. Logistic regression for risk factors of poor prognosis
of patients with high-energy pilon fractures at 1 week after
surgery.

Variables Wald Odds ratio 95% CI P-value
Age 3.706 1.074 0.999-1.154 0.054
Sex 0.003 0954 0.181-5.019 0.955
BMI 0.884 1.174  0.840-1.641 0.347
Intraoperative ~ 11.056 1249  1.069-1424  0.001
blood loss

Fracture healing 0.441 1061 0.891-1.262 0.506
time

Ruedi-Allgower 7.482 13351  2.085-85.501 0.006
CRP 0.091 0999 0.994-1.004 0.763
IL-1p 6.499 1.335 1.069-1.668 0.011
1L-6 0.272 0940 0.744-1.187 0.602
Caspase-1 7.733 1470  1.120-1.928  0.005

BMI, body mass index; CRP, C-reactive protein; IL, Interleukin.

from the third week after surgery, serum caspase-1 levels were
not significantly associated with other inflammatory factors
and Mazur scores.

Predictive value of caspase-1 for poor prognosis of patients
with high-energy pilon fractures. The present used the serum
caspase-1 levels at baseline and at 1, 2, 3 and 4 weeks after
surgery to draw ROC curves to evaluate the predictive value
of caspase-1 for poor prognosis of patients with high-energy
pilon fractures. The results showed that caspase-1 had the
greatest predictive value for poor prognosis in patients with
high-energy pilon fractures during the first week after surgery
(Fig. 2), the AUC for caspase-1 was 0.811, with a cutoff value
of 67.45 ng/ml; the sensitivity and specificity were 72.4 and
74.8%, respectively.

Logistic regression for risk factors of poor prognosis of patients
with high-energy pilon fractures. Finally, a binary regression
analysis was conducted for the risk factors associated with poor
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Figure 2. ROC curves for diagnostic value of caspase-1 at (A) baseline, (B) 1 week, (C) 2 weeks, (D) 3 weeks and (E) 4 weeks for patients with poor prognosis
after high-energy pilon fractures. ROC, receiver operating characteristic; AUC, area under curve; CI, confidence intervals.

prognosis in patients with high-energy pilon fractures. It was
revealed that caspase-1 (95% CI, 1.120-1.928; P=0.005), IL-1p
(95% CI, 1.069-1.668; P=0.011), intraoperative blood loss (95%
CI 1.069-1.424; P=0.001) and Ruedi-Allgower grade (95% CI
2.085-85.501; P=0.006) at 1 week after surgery were the risk
factors for poor prognosis of patients with high-energy pilon
fractures (Table IV). The results of the multivariate logistic
regression of serum biomarkers at the other time points are
presented in Tables SVI-IX, and serum caspase-1 level at other
time points within 1 month of surgery was a risk factor for a
poor prognosis in patients with high-energy pilon fractures.

Discussion

The levels of pilon fracture (30) can be divided into three,
as follows: i) Slight fracture on the articular surface of the
distal tibia; ii) obvious joint displacement with a small degree
of comminution; and iii) severe comminuted fracture on the

articular surface of the distal tibia. Regardless of the severity
of the fracture, the patient experiences considerable physical
and psychological pain, thereby impacting their quality of
life (31). If the treatment method is not appropriate, it not only
fails to alleviate the fracture but also exacerbates the condi-
tion, resulting in complications such as irregularity of the joint
surface, arthritis, malunion and infection (32,33). Therefore,
it is urgent to develop new biomarkers and comprehensive
techniques to prompt diagnosis and promptly treatment of the
patients who may experience a poor prognosis. The present
study revealed that the serum levels of caspase-1 had the
potential to serve as a diagnostic biomarker for identifying
poor prognosis in patients with high-energy pilon fractures.
Combining a locking plate with ankle arthroscopy offers
several advantages: Firstly, it leads to minimal trauma during
the operation, which in turn reduces blood loss; secondly, since
the joint remains unexposed, the probability of infection is
thus significantly reduced; thirdly, with the use of fluoroscopy,
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the amount of radiation from fluoroscopy is lower; fourthly,
the fracture can be observed inside the joint, resulting in a
more accurate treatment position. Disadvantages are threefold.
Firstly, it results in a larger open fracture site, which aggra-
vates the fracture; secondly, proper attention should be paid
to the classification of the joint and the severity of fracture
when reducing and fixing it; thirdly, when using arthroscopy,
sodium chloride solution should be continuously injected into
the joint (34,35). This can penetrate into every compartment of
the leg, leading to an increase in the frequency of membranous
space syndrome (36). The severity of the trauma, the extent of
the initial soft tissue injury and the accuracy of the articular
surface reconstructions are key to treating high-energy pilon
fractures.

In the present study, according to the fracture classification,
the postoperative recovery effect of Riiedi-Allgower type II
fractures was significantly improved compared with that of
type III fractures. Thus, a greater severity of fracture injury
resulted in a lower final recovery effect. This finding may be
closely related to the severe injury or displacement observed
in type III fractures, complications and high incidence rates.
In the present paper, the total effective rate of locking plate
internal fixation combined with ankle arthroscopy intreating
of high-energy pilon fracture patients was 80.15%, which is
comparable to the effectiveness of other treatments (26,37,38).

In the context of fractures, pyroptosis can be triggered by
the release of damage-associated molecular patterns (DAMPs)
from injured cells (39). These DAMPs can activate the inflam-
masome and trigger pyroptosis in nearby cells, resulting in a
localized inflammatory response. This response can contribute
to the progression of tissue damage and impair the healing
process (40). At present, several cell and animal studies have
investigated the link between cell pyroptosis and fractures.
Yang et al demonstrated that high glucose concentrations may
activate pyroptosis through the caspase-1/gasdermin D/IL-1$
pathway, which inhibits the proliferation and differentiation
of osteoblasts in the alveolar bone (41). Zhu et al revealed that
pyroptosis is a crucial pathway in osteomyelitis, and inhibition
of the pyroptosis pathway can alleviate the bone destruction
caused by Staphylococcus aureus-induced osteomyelitis,
providing a potential therapeutic target for osteomyelitis (18).
In addition, Zhang et al observed that inhibiting the pyrop-
tosis pathway of NLRP3/caspase-1/gasdermin D promotes
the proliferation and differentiation of osteoblasts, thereby
improving osteoblast function in fracture repair (23). The
present study also found that the level of the key factor
of pyroptosis, caspase-1, gradually decreased during the
treatment of patients with high-energy pilon fractures, and
decreased more quickly in patients with a better prognosis. In
addition, the serum level of caspase-1 was significant associ-
ated with the serum level of IL-1f.

The present research also had some limitations. First, the
present study only included a small size of the study popula-
tion. Secondly, only a small number of inflammatory factors
were investigated. Thirdly, the observed correlations, although
statistically significant, are weak, and further in-depth research
is needed to understand the clinical significance and molecular
mechanism of caspase-1 in pilon fractures.

In conclusion, the current study illustrated that the
serum caspase-1 levels were gradually decreased during the

treatment of patients experiencing high-energy pilon fractures,
and decreased more rapidly in patients with a better prognosis.
There was a significant association between caspase-1 and
IL-1p levels and Mazur scores. Furthermore, serum levels of
Caspase-1 could potentially serve as a potential diagnostic
biomarker for poor prognosis in patients with high-energy
pilon fractures. The current study may provide novel targets
and a comprehensive approach to protecting patients with
high-energy pilon fractures.
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