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Abstract

Background Pulmonary complications (PPCs) following mandibular fractures are serious post—surgery problems.
This study analyzed risk factors of PPCs following mandibular fractures using the National Inpatient Sample (NIS) data-
base, aiming to help clinicians specify surgical protocols and postoperative care for patients.

Method A retrospective cohort study was conducted to examine patient demographics, hospital characteristics

and preoperative comorbidities for identifying risk factors associated with postoperative pulmonary complications
(PPCs). The analysis utilized data from the National Inpatient Sample (NIS) database containing patients undergoing
mandibular surgery between 2010 and 2019. The cohort was stratified into two groups: those with PPCs and non-PPC
cases. Statistical associations were evaluated through univariate and multivariate logistic regression analyses. A thresh-
old of P<0.001 was set for statistical significance.

Results The study included 41,984 adult patients (33,017 male; 8,967 female; aged > 18 years), with 3,514 cases

of postoperative pulmonary complications (PPCs) subclassified as: 1,347 pneumonia, 2,452 acute respiratory failure
(ARF), and 212 pulmonary embolism (PE). For patients with PPCs, there was a significant increase in the age by 8 years,
length of stay (LOS) by 12 days, the total charge (TOTCHG) by $163,579, and the mortality rate by 8.9%. Following

the analysis, the following risk factors and their incidence were identified: number of comorbidities>3 (OR=3.72,
40.4%), fluid and electrolyte disorders (OR=2.66, 46.7%), obesity (OR=1.38, 5.0%), congestive heart failure (OR=1.24,
4.4%), coagulopathy (OR=1.94, 12.4%), peripheral vascular disorders (OR=1.53, 5.7%), pulmonary circulation disorders
(OR=7.93,4.1%), respiratory diseases (OR=3.93, 5.2%), other neurological disorders (OR=1.57, 15.2%), and paralysis
(OR=243,5.0%).
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Conclusion In this study, statistical methods were employed to identify the risk factors for pulmonary complications
following mandibular fractures, which can aid in the establishment of a sound surgical procedure and postoperative

care.

Keywords Mandibular fracture, Risk factors, Postoperative pulmonary complications (PPCs), Clinical studies

Background

Mandibular fracture is one of the common traumatic
injuries in oral and maxillofacial surgery, and its global
incidence has shown a steady annual increase. Surgical
intervention, serving as the primary treatment approach
for mandibular fractures, has been proven effective in
facilitating fracture healing; however, postoperative com-
plications are frequently reported [1, 2].

Pulmonary complications (PPCs), as one of the compli-
cations, may exacerbate the physical burden on patients,
resulting in prolonged hospital stays, increased mor-
tality rates, and heightened demands on familial and
healthcare resources [3, 4]. Famurewa et al. have sug-
gested that improper treatment may adversely affect
patients’pulmonary function, thereby contributing to
the development of PPCs [5]. However, limited clinical
research has systematically analyzed risk factors associ-
ated with PPCs following mandibular fractures. Identify-
ing risk factors associated with PPCs enables clinicians
to conduct preoperative assessments, develop individu-
alized treatment plans, and implement targeted postop-
erative care, thereby optimizing patient outcomes and
resource utilization. [1, 2, 4, 6]

This study aimed to investigate the risk factors associ-
ated with PPCs following mandibular fracture by using
the National Inpatient Sample (NIS) database. Further-
more, pneumonia, acute respiratory failure (ARF), and
pulmonary embolism (PE) were categorized as serious
pulmonary complications (SPCs) [7-9], which pose a
significant threat to the stability of patients'vital signs.
Consequently, the risk factors associated with these three
conditions were also examined in this study.

Material and methodology

Data collection and processing

The study employed a retrospective cohort design to con-
duct an exploratory analysis of the National Inpatient
Sample (NIS) database. The NIS database contains exten-
sive patient hospitalization data, including hospital char-
acteristics (e.g., admission type, bed size, teaching status,
location, insurance type, region, total charges, length
of stay) and patient demographics (e.g., age, sex, race),
covering all regions of the United States. Administered
and supported by the Agency for Healthcare Research
and Quality (AHRQ), the database has collected patient

samples from approximately 1,000 hospitals annually
since 1988, covering approximately 97% of U.S. hospi-
talizations and providing robust support for scientific
research, policy development, and other initiatives.

The Nationwide Inpatient Sample (NIS) is a Healthcare
Cost and Utilization Project (HCUP) limited datasets,
thus Institutional Review Board (IRB) review and ethical
approval was not required. NIS database’s use requires
neither Institutional Review Board review, an exempt
determination, nor users completing the National Insti-
tutes of Health human subjects training.

The ICD-10 coding system, the International Classifi-
cation of Diseases, 10 th Revision, is a globally standard-
ized tool for classifying and coding diseases, injuries, and
health problems, developed and maintained by the World
Health Organization (WHO). ICD—10 codes are a com-
bination of letters and numbers with a specific structure.
The codes are generally divided into different levels, with
the first letter representing the major categories of dis-
eases, e.g., A for certain infectious and parasitic diseases,
C for tumors, etc.; subsequent numbers further subdi-
vide the disease category. For example, C12.9 represents
malignant tumor of the esophagus, unspecified. This cod-
ing structure helps to accurately categorize various dis-
eases and facilitates the recording, storage and retrieval
of medical information.

Study samples

Inclusion criteria: In this study, the risk factors for post-
operative pulmonary complications (PPCs) follow-
ing mandibular fractures were analyzed using the NIS
database. The International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM) and
the International Classification of Diseases, 10 th Revi-
sion, Clinical Modification (ICD-10-CM) were used to
encode samples, thereby ensuring consistency in sample
collection and recording and resulting in a high-quality
database. In this study, patients who underwent man-
dibular fracture surgery from 2010 to 2019 were selected
as clinical subjects based on ICD-9-CM and ICD-10-CM
codes. The patient samples were divided into two groups:
those with PPCs and those without PPCs. Referring to
a previous study [10], the patients with PPCs were fur-
ther divided into three groups: pneumonia (ICD-9-CM:
480.0-486; ICD-10-CM: J12.0-J17.0), ARF (ICD-9-CM:
518.81; ICD-10-CM: J96.00, ]96.90), and PE (ICD-9-CM:
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415.11, 415.12, 415.13, 415.19; ICD-10-CM: 126.02,
126.09, J96.92, ]96.93, ]96.94, ]96.99). Demographic infor-
mation, including sex, age, and race, was analyzed based
on evaluation indicators such as patient cost, insurance,
postoperative complications, and comorbidity. Addi-
tionally, ICD-9-CM and ICD-10-CM codes were used
to query patients’treatments and surgical complications
prior to discharge.

All types of mandibular fractures were included in the
study group. These included single and multiple frac-
tures, categorized according to the number of fracture
sites; displaced and non-displaced fractures, determined
by radiographic findings; and open and closed fractures,
defined by the integrity of the overlying soft tissue. Fur-
thermore, fractures involving only the mandible, as well
as those with concomitant fractures of other facial bones,
were also included (ICD-9-CM: 802.20-802.39; ICD-
10-CM: S0260-50269).

Exclusion criteria: Certain data that could potentially
confound the study were excluded, including (1) patients
under the age of 18 years and (2) cases with missing data.
If a patient’s race was missing, the race for those samples
was standardized to category 6 (other race).

Data analysis

In this study, the Wilcoxon rank sum test was employed
for continuous data, and the Chi-square test was utilized
for categorical data to assess whether there were signifi-
cant differences between the PPCs and no PPCs groups.
All statistical analyses were performed using SPSS v26,
a statistical software package. Furthermore, multivari-
ate logistic regression analysis was conducted to iden-
tify the risk factors associated with PPCs. The odds ratio
(OR) and 95% confidence interval (95% CI) were calcu-
lated to represent the risk levels of the factors. Consistent
with prior clinical studies that have utilized a substantial
number of NIS samples, a P value of less than or equal to

Table 1 Variables used in binary logistic regression analysis
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0.001 was established as the threshold for statistical sig-
nificance [5, 11].

Table 1 presents the variables utilized in the regression
analysis, which encompass patient demographics, hos-
pital characteristics, and comorbidities. Patient demo-
graphics reflect inherent patient characteristics, such
as age, sex, and race. Hospital characteristics describe
attributes of the healthcare facilities selected by patients,
including hospital type, bed size, teaching status, loca-
tion, and insurance type. Comorbidities refer to preexist-
ing health conditions present in patients prior to surgery.

Results

Incidence of PPCs in mandibular fracture patients

From the NIS database, a total of 47,507 participants
who underwent mandibular fracture surgery between
2010 and 2019 were identified, leaving 41,984 patients for
clinical analysis were included in this analysis (Fig. 1). As
shown in Fig. 2, among these patients, 3,514 had PPCs,
accounting for 8.4% of the total, while 1,347 (3.2%) had
pneumonia, 2,452 (5.9%) had ARF, and 212 (0.5%) had
PE. Figure 2 also illustrates the incidence of pneumonia,
AREF, and PE from 2010 to 2019, respectively.

The bacteria that cause postoperative infection

Blood samples from patients are incubated in petri dishes
to monitor bacterial growth. It can be seen from Fig. 3
that the infection of postoperative complications can be
caused by a variety of cells, among which Staphylococ-
cus accounts for the highest proportion (35.63%), while
Anaerobes accounts for the lowest proportion (5.75%). In
addition, the bacteria that cause infection include Ente-
rococcus (8.05%), Streptococcus (14.94%), Pseudomonas
(11.49%), E.coli (12.64%), and Candida (11.49%).

Patient demographics between two groups
As shown in Table 2, out of the total 41,984 patients,
about 3514 patients suffered from pulmonary

Variables categories  Specific variables

Patient demographics
can and Other)

Hospital characteristics

Age (< 64 years and > 65 years), gender (male and female), race (White, Black, Hispanic, Asian or Pacific Islander, Native Ameri-

Type of admission (non-elective, elective), bed size of hospital (small, medium, large), teaching status of hospital (nonteach-

ing, teaching), location of hospital (rural, urban), type of insurance (Medicare, Medicaid, private insurance, self-pay, no charge,
other), location of the hospital (northeast, Midwest or north central, south, west)

Comorbidities

AIDS, alcohol abuse, deficiency anemia, rheumatoid diseases, chronic blood loss anemia, congestive heart failure, chronic

pulmonary disease, coagulopathy, depression, diabetes (uncomplicated), diabetes (with chronic complications), drug abuse,
hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, neurological
disorders, obesity, paralysis, peripheral vascular disorders, psychoses, pulmonary circulation disorders, renal failure, solid tumor
without metastasis, peptic ulcer disease, valvular disease and weight loss

AIDS Acquired immunodeficiency syndrome, elective admissions refer to patients admitted for pre—arranged, non—emergency medical services. These patients did

not present with acute jaw fractures
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Pulmonary complications (PPCs)
occurred in 47,507 patients after
mandibular fracture.
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Excluded |

Exclusion criteria:

Age younger than 18 years(total = 3,960)
Missing data (age = 20, gender = 31, LOS
=3, TOTCHG = 563, type of insure=394,
type of hospital = 198, elective admission
=394, died = 77)

41,984 patients were analyzed

Fig. 1 Flow of data exclusion
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complications and their median age was 43. Whereas,
about 38,470 patients had no pulmonary complications
and their median age was about 35. There was a differ-
ence of 8 years in the age between the two groups and it
is evident that age was a factor influencing the difference
between the two groups (P< 0.001). Furthermore, the age
distribution also showed a significant difference between
the two groups, with a 5.7% higher rate of PPCs in
patients over 65 years of age (16.5% vs 10.8%, P< 0.001).
In terms of racial distribution, the proportion of patients
with PPCs was 6.9% higher among white patients and
6.3% lower among black patients than among patients

with no PPCs. However, the results from both groups
showed no statistical significance for sex.

Hospital characteristics between two groups

Among the hospitals chosen by patients, there was a sig-
nificant difference between PPCs and non-PPC patients
across hospital regions (P< 0.001). There was also a sig-
nificant difference between PPCs and non-PPC patients
between the types of insurance utilized by the patients
(P< 0.001). Furthermore, patients with PPCs had a 4.4%
lower elective admission rate than patients without
PPCs (3.8% vs 8.2%). However, there was no significant
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Fig. 3 Percentage of bacteria that cause postoperative infection

difference in hospital location between the two groups.
In addition, there was no statistically significant differ-
ence in bed size of hospital and type of hospital (Table 2).

Adverse effects of PPCs following mandibular fracture

As shown in Table 2, following mandibular fracture sur-
gery, compared with patients without PPCs, the median
LOS and TOTCHG for patients with PPCs were 15
days and $211,915, respectively, which are 5 times and
4.4 times higher than those of the former group, and
the mortality rate also increased by 624%. Furthermore,
patients with PPCs had a 2.3% higher proportion of
patients with three or more comorbidities compared to
patients without PPCs.

Risk and protective factors associated with PPCs

following mandibular fracture

As shown in Table 3, through variable regression analy-
sis, it was found that multiple comorbidities (n >3, OR
=3.72, 95%CI =2.90-4.76) were risk factors. Further-
more, four protective factors were identified in this study:
female (OR =0.73, 95%CI =0.66—0.80), self-pay (OR
=0.81, 95%CI =0.79-0.91), no charge (OR =0.74, 95%CI
=0.51-1.07), and elective admission (OR =0.47, 95%CI
=0.39-0.56).

Preoperative comorbidities associated with PPCs

following mandibular fracture.

In conjunction with the aforementioned analysis, preop-
erative comorbidities are identified as a significant factor
contributing to the poor prognosis of patients.

11.49%

12.64%

= Streptococcus_infection
E.coli_infection

= Anaerobes_infection

Univariate analysis showed that patients with the fol-
lowing comorbidities were more likely to develop PPCs:
alcohol abuse (19.8%), deficiency anemia (7.1%), con-
gestive heart failure (4.4%), chronic pulmonary disease
(10.4%), coagulopathy (12.4%), depression (7.4%), diabe-
tes, uncomplicated (5.8%), diabetes with chronic compli-
cations (3.3%), drug abuse (11.1%), hypertension (25.9%),
hypothyroidism (3.1%), liver disease (4.0%), fluid and
electrolyte disorders (46.7%), other neurological disor-
ders (15.2%), obesity (5.0%), paralysis (5.0%), peripheral
vascular disorders (5.7%), psychoses (6.1%), pulmonary
circulation disorders (4.1%), renal failure (3.7%) and
weight loss (20.2%). The results of the multivariate
logistic regression analysis identified the following risk
factors for PPCs: congestive heart failure (OR =1.24,
95%CI =1.00-1.54), coagulopathy (OR =1.94, 95%CI
=1.68-2.23), fluid and electrolyte disorders (OR =2.66,
95%CI =2.40-2.94), other neurological disorders (OR
=1.57, 95%CI =1.38-1.77), obesity (OR =1.38, 95%CI
=1.15-1.65), paralysis (OR =2.43, 95%CI =1.97-3.01),
peripheral vascular disorders (OR =1.53, 95%CI =1.27—
1.85), pulmonary circulation disorders (OR =7.93, 95%CI
=6.00-10.48) and weight loss (OR =2.99, 95%CI =2.66—
3.37) (Table 4).

Postoperative complications associated with PPCs
following mandibular fractures

Owing to the complex structure of mandibular frac-
tures and their functional significance, improper
management may result in a variety of complications,
thereby seriously affecting the prognosis and quality
of life of patients. Univariate analysis indicated that
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Table 2 Patient characteristics and outcomes following mandibular fractures

Characteristics No PPCs PPCs P
Total (n= count) 38,470 3514
Total incidence (%) 84
Age (median, years) 350(25.0,51.0) 43.0(28.0,57.0) < 0.001
Age group (%)
18-44 65.0 528 <0.001
45-64 24.2 307
65-74 4.7 7.7
>75 6.1 88
Sex (%)
Male 786 79.1 0466
Female 214 209
Race (%)
White 50.7 57.6 < 0.001
Black 24.6 183
Asian or Pacific Islander 1.6 1.3
Native American 1.1 1.0
Other 9.5 10.8
Number of Comorbidity (%)
0 385 129 < 0.001
1 266 237
2 17.3 23.1
>3 17.6 404
LOS (median, d) 3(2-5) 15(7-24) < 0.001
TOTCHG (median, $) 48,336 (27,347-91,379) 211,915 (105,311-392,487) < 0.001
Type of insure (%)
Medicare 13.5 184 <0.001
Medicaid 26.8 254
Private insurance 285 330
Self-pay 19.5 12.5
No charge 19 1.1
Other 9.7 9.6
Bed size of hospital (%)
Small 6.70 5.70 0.003
Medium 21.1 194
Large 72.2 749
Elective admission (%) 82 38 < 0.001
Type of hospital (teaching %) 84.0 85.0 0.108
Location of hospital (urban, %) 976 98.1 0.057
Region of hospital (%)
Northeast 19.8 12.7 < 0.001
Midwest or North Central 18.5 203
South 393 456
West 223 213
Died (%) 1.7 10.6 < 0.001

LOS Length of stay, TOTCHE Total charge

patients were likely to develop multiple complica- postoperative delirium (5.2%), urinary retention (3.6%),
tions after surgery: urinary tract infection (8.2%), res-  wound rupture/non healing (2.5%). Multivariate analy-
piratory disease (5.2%), genitourinary disease (18.9%), sis revealed a significant association between PPCs
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Table 3 Risk factors associated with PPCs following mandibular
fractures

Variable Multivariate logistic regression
OR 95% Cl P
Age =65 years old 1.10 0.95-1.28 0.220
Female 0.73 0.66-0.80 < 0.001
Race
White Ref - -
Black 0.77 0.69-0.85 < 0.001
Hispanic 0.96 0.85-1.09 0.520
Asian or Pacific Islander 0.68 0.49-0.94 0.020
Native American 0.78 0.54-1.13 0.190
Other 1.12 0.98-1.27 0.090
Number of Comorbidity
0 Ref - -
1 2.38 2.08-2.71 < 0.001
2 294 248-349 <0.001
>3 3.72 2.90-4.76 < 0.001
Type of insurance
Medicare Ref - -
Medicaid 1.16 0.99-1.35 0.060
Private insurance 127 1.10-147 < 0.001
Self-pay 0.81 0.68-0.96 0.010
No charge 0.74 0.51-1.07 0.110
Other 1.19 1.00-142 0.050
Bed size of hospital
Small Ref - -
Medium 1.06 0.89-1.26 0.550
Large 1.21 1.03-141 0.020
Elective admission 047 0.39-0.56 <0.001
Teaching hospital 1.07 0.96-1.20 0.210
Urban hospital 1.23 0.92-1.63 0.160
Region of hospital
Northeast Ref - -
Midwest or North Central 143 1.25-1.63 <0.001
South 1.72 1.53-1.93 < 0.001
West 1.38 1.21-157 < 0.001

OR Odds ratio, C/ Confidence interval

and various postoperative complications: hemorrhage/
seroma/hematoma (OR =1.7, 95%CI =1.08-2.68), uri-
nary tract infection (OR =1.27, 95%CI =1.07-1.50),
respiratory disease (OR =3.93, 95%CI =3.26-4.73),
genitourinary disease (OR =4.07, 95%CI =3.63-4.57),
gastrointestinal complication (OR =1.81, 95%CI
=0.75-4.35), postoperative delirium (OR =2.85, 95%CI
=2.38-3.41), postoperative shock (OR =2.09, 95%CI
=0.32-13.89), urinary retention (OR =1.92, 95%CI
=1.57-2.36), wound rupture/non healing (OR =2.85,
95%CI =2.18-3.71) (Table 5).
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Risk factors associated with SPCs following mandibular
fractures

SPCs, including pneumonia, ARF, and PE, seriously affect
the physical and mental health of patients. After screen-
ing, the common risk factors for SPCs are presented in
Table 6 for analysis and study, including preoperative
comorbidities (coagulopathy, fluid and electrolyte disor-
ders, other neurological disorders, pulmonary circulation
disorders and weight loss) and postoperative complica-
tions (hemorrhage/seroma/hematoma, urinary tract
infection, respiratory disease, genitourinary disease and
gastrointestinal complication).

Discussion

Data from the NIS database (2010-2019) were analyzed
to identify risk factors associated with PPCs following
mandibular fracture.

Demographic analysis revealed an 8-year age difference
between patients with PPCs and those without complica-
tions. Age has been established as a key predictor of PPC
risk, serving as a critical component in postoperative
assessment protocols [12, 13]. Age-related physiological
decline in respiratory function, including diminished res-
piratory control and muscle strength, has been directly
linked to increased PPC susceptibility [14, 15].

Fluid and electrolyte disorders and obesity were identi-
fied as risk factors predisposing patients to PPCs. These
factors demonstrated significant associations with pneu-
monia, ARF and PE. Orea-Tejeda et al. [16] identified
fluid distribution abnormalities that increase pulmonary
capillary permeability, ultimately causing edema, pleural
effusion, and measurable declines in pulmonary function.
Mafort et al. [17] demonstrated that obesity-induced adi-
pose accumulation drives cytokine-mediated systemic
complications that directly impair respiratory mechanics.

In results, risk factors pertain to circulatory dis-
eases, including congestive heart failure, coagulopathy,
peripheral vascular diseases, and pulmonary circulation
disorders. Ramalho et al. [18] revealed that reduced res-
piratory volumes elevate cardiovascular risk regardless
of pulmonary status, while heart failure patients show
heightened thrombosis susceptibility due to coagulopa-
thies [19]. The heart failure-pulmonary circulation axis
involves compromised cardiac output leading to vascular
remodeling, pulmonary blood pooling, and subsequent
edema development. These pathophysiological changes
directly impair gas exchange, clinically manifesting as
dyspnea [20]. Similarly, pulmonary circulation disor-
ders demonstrated the strongest PPC association (OR
=7.93), particularly for pulmonary embolism (= 102,
48.1%). Despite its utility in mandibular reconstruction,
vascularized bone techniques may exacerbate PPC risks
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Table 4 Relationship between PPCs and preoperative comorbidities
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Comorbidities

Univariate analysis

Multivariate logistic regression

No PPCs PPCs P OR 95% ClI P
Preoperative comorbidities
Acquired immune deficiency syndrome 286 (0.7%) 26 (0.7%) 0.981 0.82 0.53-1.26 0.360
Alcohol abuse 7,027 (18.7%) 697 (19.8%) 0.110 0.71 0.63-0.79 < 0.001
Deficiency anemia 1,224 (3.2%) 250 (7.1%) <0.001 1.1 0.94-1.3 0.240
Rheumatoid arthritis/collagen vascular diseases 216 (0.6%) 25 (0.7%) 0.260 0.75 048-1.18 0.210
Chronic blood loss anemia 161 (0.4%) 32 (0.9%) <0.001 1.16 0.77-1.76 0470
Congestive heart failure 690 (1.8%) 154 (4.4%) < 0.001 1.24 1.00-1.54 0.050
Chronic pulmonary disease 3,409 (8.9%) 366 (10.4%) 0.002 0.88 0.77-1.01 0.060
Coagulopathy 1,109 (2.9%) 435 (12.4%) <0.001 1.94 1.68-2.23 <0.001
Depression 2,660 (6.9%) 259 (7.4%) 0.309 0.72 0.62-0.84 <0.001
Diabetes, uncomplicated 1,904 (4.9%) 203 (5.8%) 0.031 0.82 0.69-0.97 0.020
Diabetes with chronic complications 687(1.8%) 7 (3.3%) < 0.001 0.98 0.78-1.23 0.860
Drug abuse 4,813 (12.5%) 391 (11.1%) 0017 0.74 0.65-0.85 <0.001
Hypertension 8,041 (20.9%) 0 (25.9%) < 0.001 0.72 0.64-0.8 < 0.001
Hypothyroidism 1,095 (2.8%) 09 (3.1%) 0.385 0.67 0.54-0.84 <0.001
Liver disease 69 (3.0%) 140 (4.0%) 0.002 0.75 0.61-0.92 0.010
Lymphoma 47 (O.] %) 7(0.2%) 0223 0.87 0.37-2.06 0.750
Fluid and electrolyte disorders 5,187 (13.5%) 1,642 (46.7%) < 0.001 2.66 240-2.94 <0.001
Metastatic cancer 90 (0.2%) 23 (0.7%) <0.001 1.07 0.62-1.82 0.820
Other neurological disorders 2,091 (5.4%) 533 (15.2%) <0.001 157 1.38-1.77 <0.001
Obesity 1,094 (2.8%) 96 (5.0%) < 0.001 1.38 1.15-1.65 < 0.001
Paralysis 389 (1.0%) 76 (5.0%) < 0.001 243 1.97-3.01 < 0.001
Peripheral vascular disorders 717(1.9%) 201 (5.7%) < 0.001 1.53 1.27-1.85 <0.001
Psychoses 2,426 (6.3%) 215 (6.1%) 0.661 0.75 0.64-0.88 <0.001
Pulmonary circulation disorders 129 (0.3%) 145 (4.1%) <0.001 793 6.00-10.48 <0.001
Renal failure 773 (2.0%) 130 (3.7%) < 0.001 0.83 0.66-1.04 0.110
Solid tumor without metastasis 192 (0.5%) 33(0.9%) < 0.001 0.81 0.53-1.23 0.320
Peptic ulcer disease excluding bleeding 55 (0.1%) 8(0.2%) 0214 1.03 046-2.29 0.940
Valvular disease 447 (1.2%) 61 (1.7%) 0.003 0.66 0.48-0.90 0.010
Weight loss 1,423 (3.7%) 710 (20.2%) < 0.001 299 2.66-3.37 < 0.001

OR Odds ratio, C/ Confidence interval

in patients with preexisting peripheral vascular disease,
emphasizing the imperative for meticulous intraoperative
vascular management [21, 22].

Respiratory diseases is a risk factor associated with
PPCs, demonstrating strong correlations with pneu-
monia, acute respiratory failure (ARF), and pulmo-
nary embolism (PE). Viral pathogens induce epithelial
destruction and thrombotic cascades, potentially pro-
gressing to acute respiratory distress syndrome (ARDS)
or pulmonary fibrosis [23]. Bacterial superinfections
exacerbate pulmonary inflammation and accelerate
functional decline [24]. Fernandez-Bustamante et al.
[25] demonstrated that perioperative anesthetic agents
exacerbate obstructive apnea through dual mechanisms:
parapharyngeal hypotonia and blunted hypercapnic

responsiveness. Research by De Carvalho Sampaio [26]
et al. confirmed that maxillomandibular fixation induces
transient respiratory impairment, with full recovery
post-removal. Maxillomandibular fixation remains viable
for patients with preserved preoperative nasal airflow.
Contraindications include pre-existing pulmonary com-
promise or oncologic histories, where fixation risks cata-
strophic respiratory sequelae.

Albaiceta et al. [27] demonstrated bidirectional lung-
brain communication mediated by neurological path-
ways, establishing the nervous system as critical to
pulmonary complication mechanisms. Neurological dis-
orders emerged as independent PPC risk factors. Trau-
matic brain injury induces neurogenic pulmonary
edema, acute respiratory distress syndrome (ARDS), and
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Table 5 Relationship between PPCs and postoperative complications

Complications Univariate analysis

Multivariate logistic regression

No PPCs PPCs P OR 95% Cl P
Jawbone inflammation 549 (1.4%) 20 (0.6%) < 0.001 035 0.22-0.55 < 0.001
Nerve injury 234 (0.6%) 31 (0.9%) 0.050 135 0.91-2.00 0.130
Hemorrhage/seroma/hematoma 129 (0.3%) 30 (0.9%) < 0.001 1.70 1.08-2.68 0.020
Urinary tract infection 879 (2.3%) 289 (8.2%) < 0.001 1.27 1.07-1.50 0.010
Respiratory disease 428 (1.1%) 182 (5.2%) <0.001 393 3.26-4.73 <0.001
Genitourinary disease 1,719 (4.5%) 663 (18.9%) < 0.001 407 3.63-4.57 < 0.001
Gastrointestinal complication 27 (0.1%) 7(0.2%) 0.010 1.81 0.75-4.35 0.190
Wound infection 206 (0.5%) 46 (1.3%) <0.001 0.92 0.50-1.67 0.780
Postoperative delirium 570 (1.5%) 183 (5.2%) < 0.001 2.85 2.38-3.41 <0.001
Postoperative shock 4 (0.01%) 2 (0.1%) 0.027 2.09 0.32-13.89 0.440
Urinary retention 567 (1.5%) 128 (3.6%) < 0.001 1.92 1.57-2.36 < 0.001
Wound rupture/non healing 270 (0.7%) 87 (2.5%) <0.001 2.85 2.18-3.71 <0.001

OR Odds ratio, C/ Confidence interval

Table 6 Common risk factors for SPCs (pneumonia, ARF, and PE) following mandibular fractures

Pneumonia ARF PE
Variables
Number (%) Number (%) Number (%)
Preoperative comorbidities i‘ § §
Coagulopathy 109 (8.1%) i ] 318 (13.0%) i 4 32 (15.1%) i
Fluid and electrolyte disorders 10 (0.7%) i H 1160 (47.3%) i ] 91 (42.9%) :
Other neurological disorders 64 (4.8%) EH 394 (16.1%) ‘ I+l 31 (14.6%) :
Pulmonary circulation disorders 55 (4.1%) ;‘ = 57 (2.3%) j fo— 102 (48.1%) i -»>
Weight loss 7 (0.5%) % g 507 (20.7%) i b+ 39 (18.4%) i'_’_'
Postoperative complications i i 3
Hemorrhage/seroma/hematoma 9 (0.7%) l'i“—| 21 (0.9%) 3l—~—| 2 (0.9%) F—T‘—>
Urinary tract infection 145 (10.8%) EH 173 (7.1%) )*:1 19 (9.0%) *“é*
Respiratory disease 89 (6.6%) E [ag} 114 (4.6%) 1 gl 13 (6.1%) "v—‘—|
Genitourinary disease 307 (22.8%) i el 447 (18.2%) i 1+ 53 (25.0%) i =
Gastrointestinal complication 21 (1.6%) F":—i 6 (0.2%) I—;—o—l 2 (0.9%) :‘—’
' i i
012345 012345 012345

pneumonia. Conversely, acute/chronic pulmonary condi-
tions may precipitate neurological dysfunction [28, 29].
Paralysis independently predicts PPC development. This
paralysis-associated risk, validated across clinical studies,
now informs perioperative risk stratification [30].

This study has notable strengths. It’s the first clinical
research on PPCs and related risk factors in mandibu-
lar fracture. The large—scale national sample from the
US improves the generalizability of the findings. Moreo-
ver, the study uses statistical methodology with strict

inclusion and exclusion criteria. However, the study has
limitations. First, the use of maxillomandibular fixation, a
known risk factor for respiratory complications in maxil-
lofacial trauma treatment, wasn’t analyzed. Second, lack-
ing data on the time from injury to mandibular fracture
surgery limits accurate risk assessment and preventive
strategy development, as this time interval is crucial for
postoperative complications.

The clinical importance of this study lies in its abil-
ity to help clinicians identify high—risk patients before
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mandibular fracture surgery. By identifying these risk
factors, targeted preventive measures can be imple-
mented, this can effectively reduce the incidence of PPCs
and improve patient outcomes.

Conclusion

This study identified risk factors associated with PPCs
following mandibular fractures by using the NIS database
from 2010 to 2019. The following risk factors were iden-
tified: number of comorbidities >3, fluid and electrolyte
disorders, obesity, congestive heart failure, coagulopathy,
peripheral vascular disorders, pulmonary circulation dis-
orders, respiratory disease, other neurological disorders,
and paralysis. Clinicians can specify reasonable surgi-
cal protocols and postoperative care based on these risk
factors.
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