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Abstract
Geriatric population is increasing rapidly worldwide, and fragility fracture and

complication following orthopaedic surgery in elderly people have now become

major challenges for surgeons. Further studies are required to identify potentially

modifiable factors associated with surgical site infection (SSI) in geriatric patients.

This retrospective, multicenter study was conducted at four level I hospitals in

China. During the 31-month study period, a total of 2341 patients (65 years or

older) underwent orthopaedic surgery and complete data were recorded from

September 2015 to April 2018. Demographics information, medications and addi-

tional comorbidities, surgery-related variables, and laboratory indexes were

extracted and analysed. Receiver-operating characteristic analysis was performed to

detect the optimum threshold of continuous variables. Independent risk factors of

SSI were identified by univariate and multivariate analyses. Finally, 63 patients suf-

fered from wound infection within the follow-up period, indicating a 2.7% inci-

dence rate of SSI. Statistical results showed that open injury (odds ratio [OR], 9.5;

95% confidence interval [CI], 5.4-16.7), American Society of Anesthesiologists

classified III-IV score (OR, 2.2; 95% CI, 1.3-3.8), surgical duration of

>132 minutes (OR, 2.9; 95% CI, 1.1-5.0), serum albumin (ALB) of <36.4 mg/L

(OR, 2.0; 95% CI, 1.6-3.4), and blood glucose (GLU) of >118 mg/dL (OR, 3.1;

95% CI, 1.1-5.3) were independent risk factors of postoperative SSI. With the

application of sensitive and modifiable variables such as surgical duration and the

levels of ALB and GLU, more geriatric patients with sub-high risk of postoperative

SSI could be identified.
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1 | INTRODUCTION

Although there is no clear definition, people older than
65 years are considered to be elderly,1 and the geriatric pop-
ulation is increasing rapidly worldwide.2,3 In China, individ-
uals aged 65 years or older accounted for 10.4% of the
domestic population in 2015, and this proportion has
increased to 11.9% by 2018, reaching approximately 166 mil-
lion. Meanwhile, with the improvement of medical and
health conditions and expansion of advanced medical ser-
vice systems, the average life expectancy of the population
increased substantially. The life expectancy at birth for Chi-
nese people has increased more than 5 years in the recent
10 years, and a newborn citizen could expect to live up to
the age of 76.3 years in China 2015. The growing elderly
population has become the focus of attention in all areas of
modern society.

Osteoporosis and fragility fracture, which are frequently
encountered in the elderly, should be carefully considered.4,5

It is reported, the medical expenses for hip fractures in
China will reach $60 billion in 2020, and nearly $240 billion
will be needed by 2040. Complications following orthopae-
dic surgery in elderly people have now become major chal-
lenges for orthopaedic surgeons. Surgical site infection
(SSI), which has been found more prevalent in geriatric sur-
gical patients,6 represents a significant portion of ward infec-
tion and is associated with an increased morbidity,7

prolonged hospital stay, and higher health care bills. From
an economic perspective, SSI accounted for 17% of nosoco-
mial infections and cost between $1 billion and $10 billion
annually.8 However, geriatric people may accompany with
some adverse medical comorbidities, and the aged skin and
soft tissues are usually fragile and less tolerant of surgical
trauma. It has been demonstrated that approximately half of
the SSIs can be prevented by application of evidence-based
prevention strategies,9 of which the identification of sensi-
tive risk factors is a cost-effective method. Prognostic risk
factors associated with postoperative SSI included operating
time, body mass index (BMI), gender, diabetes mellitus,
length of hospital stay, delay in surgery, and so on,10-13 and
were confirmed in published studies. However, most of
these predictors were unmodifiable, and there were no clear-
cut values for some continuous variables, such as operative
duration, level of serum albumin (ALB), blood glucose
(GLU), and intraoperative blood loss. Few studies identified
easily remediable factors to reduce infection rates following
orthopaedic surgery in geriatric patients, and the reliability
for some of those studies may be compromised by the lim-
ited including variables for adjustment in a multivariate
logistical analysis model.

Given that we have designed this multicenter study, we
follow with the aim (a) to describe the characteristics of SSI

in elderly patients over a 12-month follow-up period at four
tertiary hospitals; (b) to detect the optimal cut-off value for
variables, which is associated with postoperative SSI; (c) to
identify potentially modifiable factors associated with SSI
following orthopaedic surgery in geriatric patients.

2 | PATIENTS AND METHODS

2.1 | Study design

This retrospective and multicenter study was conducted at
four level I hospitals from September 2015 to April 2018.
Detailed information extracted from the electronic medical
records (EMRs) on each patient (65 years or older) who
underwent orthopaedic surgery was collected by investiga-
tors. During hospitalisation of patients, we reviewed their
electronic EMRs and results of bacterial culture for the signs
of wound infection. After being discharged from hospital, all
the patients were followed up for any evidence of SSI occur-
rence via telephone assessment and interview. The exclusion
criteria were as follows: (a) periprosthetic fractures; (b) old
fractures (>21 days from trauma); (c) osteoarticular tubercu-
losis; (d) pathological fracture (primary or metastatic
tumour); (e) traumatic fracture treatment by conservative
methods (skin or skeletal traction, external fixation appara-
tus, plaster immobilisation, or thermoplastic plate brace); (f)
patients admitted only for treatment of SSI but without

Key Messages
• this study was designed as retrospective and mul-

ticenter to investigate this issue
• the overall incidence of surgical site infection

(SSI) was 2.7% for geriatric patients following
orthopaedic surgery

• SSI prolonged a mean of 13.7 days of
hospitalisation in infected patients

• Receiver-operating characteristic curve was per-
formed to detect the optimum threshold of contin-
uous variables

• open injury (odds ratio [OR], 9.5; 95% confi-
dence interval [CI], 5.4-16.7), American Society
of Anesthesiologists classified III-IV score (OR,
2.2; 95% CI, 1.3-3.8), surgical duration of
>132 minutes (OR, 2.9; 95% CI, 1.1-5.0), serum
albumin of <36.4 mg/L (OR, 2.0; 95% CI,
1.6-3.4), blood glucose of >118 mg/dL (OR, 3.1;
95% CI, 1.1-5.3) were independent risk factors of
postoperative SSI
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initial surgery in the four selected hospitals; and (g) patients
with incomplete data of medical record.

2.2 | Data collection and definition of
variables

In the present study, we included more than 40 variables to
identify the risk factors associated with SSI. Demographic
variables included age, gender, occupation, residential status
(rural, urban), BMI (<18.5, underweight; 18.5-23.9, normal;
24-27.9, overweight; 28-31.9, obesity; and ≥32, morbid obe-
sity), and cigarette and alcohol consumption. Additional
comorbidities included hypertension, rheumatoid disease,
diabetes mellitus, liver and kidney diseases, anaemia,
tumours (benign or malignant), respiratory disorders,
immune system disease, cardiac and cerebrovascular disease,
stroke, peripheral vascular disease, previous surgery for any
organ and system. Surgical-related variables including sur-
gery type (emergent or elective), surgical duration, anaesthe-
sia time, anaesthetic type (intrathecal, general, combination),
perioperative intravenous usage of antibiotics, intraoperative
blood loss and transfusion, intraoperative body temperature,
experience of surgeon (chief, associate chief, attending),
time of surgery (from the hospital admission to the start of
surgery), surgical site, and the American Society of Anesthe-
siologists (ASA, I-V) classification system were analysed to
evaluate the patients' physiological homeostasis and physical
status,14 length of hospital stay, application of drainage sys-
tem, frequency of intraoperative fluoroscopy, and injury type
(close or open fracture). Preoperative laboratory indexes
(24 hours within hospitalisation) included electrolyte, serum
total protein (TP), ALB, globulins, white blood cells
(WBCs), neutrophil granulocytes, lymphocytes (LYMs),
monocytes, eosinophil granulocyte (EOSs), basophil
granulocytes, red blood cells, haemoglobin (HGB), blood
platelet (PLT), and GLU.

Definition of surgical site infection was based on the
criteria of the United States Center for Disease Control and
Prevention.15 This classification system categorises SSI into
three types: (a) superficial incisional, (b) deep soft tissue of
the incision, and (c) organ/space infection. Superficial SSI,
defined as infection occurring within 30 days postoperation,
involves the skin and subcutaneous tissue of the surgical site
only; one or more symptoms are observed: redness, swell-
ing, and pain of the incision; purulent discharge; spontane-
ous wound dehiscence; and positive results of bacterial
culture. Deep wound infection is defined as infection that
occurs within 90 days postoperation, and it involves the fas-
cial and muscular layers.

This study was approved by the ethics committee of all
the participant hospitals and received written consent from
all the study participants.

The homogeneity of the data could be compromised if
the time span of patients' recruitment was too long. Taking
this condition into consideration, the time window was set
from September 2015 to April 2018. Finally, all enrolled
patients were divided into two groups according to the
occurrence of SSI. The case group was defined as patients
with SSI, and the control group included patients who were
not suffered from infection. All the data mentioned above
were extracted and collected by investigators who were spe-
cifically trained in epidemiology.

2.3 | Statistical analysis

Whitney U test was used for non-normally distributed con-
tinuous variables and t test for normally distributed vari-
ables, and the significance was set at P < .05 (*P < .05;
**P < .01; ***P < .001; ****P < .0001). Receiver-
operating characteristic (ROC) analysis was performed to
detect the optimum cut-off value for continuous variables
(such as surgical duration, BMI, ALB, GLU intraoperative
blood loss, and body temperature and other laboratory
indexes). Prognostic risk factors that demonstrated to have
statistical significance (P < .10) in the univariate analysis
were entered into the multivariable logistic analysis to iden-
tify independent predictors of wound infection. A stepwise
backward elimination approach was used to exclude con-
founding covariates from the final multivariate model, and a
P value of <.05 was considered to be statistically significant.
The Hosmer-Lemeshow test was used to evaluate goodness
of fit of the final model, and an acceptable fitness was
enacted as P > .05. All statistical procedures were performed
by using the SPSS 19.0 software package (SPSS Inc., Chi-
cago, Illinois).

3 | RESULTS

3.1 | Features of study sample

During the 31-month study period, a total of 2341 patients
with traumatic geriatric fracture were recruited based on the
inclusion and exclusion criteria, and the mean age of the
study sample was 72.5 ± 6.4 years. Of them, 930 (39.7%)
were male and 1411 (60.3%) were female, with a male-to-
female ratio of 1:1.5. Of which 189 (8.1%) patients suffered
from open fracture and 2152 (91.9%) patients diagnosed
with closed injury. According to the trauma site,
287 (12.3%) cases of upper extremity, 1540 (65.8%) cases of
lower extremity, 430 (18.4%) cases of spine fracture,
30 (1.3%) cases of pelvic and acetabular fracture, and
54 (2.3%) patients with multiple fractures were hospitalised.
The length of hospital stay ranges from 2 to 139 days, with a
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mean time of 17.3 ± 10.7 days, and the mean surgical dura-
tion was 110.6 ± 57.4 minutes.

3.2 | Characteristics of SSI

Among the 2341 patients, a total of 63 SSIs occurred within
the follow-up period, indicating a 2.7% incidence rate of
SSI. Superficial SSI was observed in 53 cases and deep
infection in 10 cases, with the incidence of 2.3% and 0.4%,
respectively. The mean length of hospitalisation for SSIs and
no-infected patients was 30.6 ± 19.2 days and 16.9
± 10.1 days, respectively, and the difference was statistically
significant (P, .000). The earliest diagnosis of SSI was at
3 days postoperative and the latest was at the 127th day, and
the longest duration of infection was up to 43 days. Microbi-
ological cultures were conducted in 47 infected patients, and
83.0% (39/47) of the patients had a positive culture. Staphy-
lococcus aureus was the most common causative pathogen
(23), followed by Pseudomonas aeruginosa (15), Enterococ-
cus faecalis (12), methicillin-resistant S. aureus (MRSA)
(10), and Staphylococcus epidermidis (7), and 13 patients
suffered from polymicrobial infection.

3.3 | Risk factors for SSI

ROC analysis was performed to detect the optimum cut-off
value for some continuous variables, which could affect the
incidence of SSI (Figure 1). Area under the ROC curves
(AUCs) and their corresponding optimum cut-off values,
95% CI for these quantitative data, were summarised in
Table 1. In the univariate analysis, open injury (OR, 13.8; P,
.000), ASA class III-IV (OR, 2.7; P, .000), surgical duration
>132 minutes (OR, 1.7; P, .033), intraoperative blood loss

>285 mL (OR, 2.2; P, .006), hypertension (OR, 1.7; P,
.038), LYM <1.79 × 109/L (OR, 1.9; P, .006), HGB
<134.6 g/L (OR, 1.9; P, .040), ALB <36.4 mg/L (OR, 3.3;
P, .001), emergency operation (OR, 2.9; P, .002), drainage
use (OR, 1.9; P, .011), intraoperative body temperature
<36.2�C (OR, 1.5; P, .032), diabetes mellitus (OR, 3.5; P,
.000), GLU >118 mg/dL (OR, 3.3; P, .000), BMI
>24.9 kg/m2 (OR, 3.7; P, .012), and hospital stay >21 day
(OR, 1.9; P, .016) were demonstrated to be associated with
SSI (Table 2). In the multivariate logistic regression analysis
model, all of the 15 abovementioned factors were entered
for adjustment. Final statistical results showed open injury
(OR, 9.5; 95% CI, 5.4-16.7), ASA classified III-IV score
(OR, 2.2; 95% CI, 1.3-3.8), surgical duration >132 minutes
(OR, 2.9; 95% CI, 1.1-5.0), ALB<36.4 mg/L (OR, 2.0; 95%
CI, 1.6-3.4), and GLU >118 mg/dL (OR, 3.1; 95% CI,
1.1-5.3) were independent risk factors of postoperative SSI
(Table 3). The result of Hosmer-Lemeshow test demon-
strated a preferable fitness (X2 = 4.645, P = .795).

4 | DISCUSSION

From a cohort of 2341 geriatric patients, during more than
12 months follow-up after traumatic orthopaedic surgeries,
63 encountered wound infection for a gross incidence rate of
2.7%; of them, 53 had superficial SSI and 10 had deep infec-
tion. These results are comparable with those in previous lit-
erature studies.16-18 In the multivariate analysis of this
present study, open injury, ASA-graded III-IV score, surgi-
cal duration >132 minutes, ALB <36.4 mg/L, and GLU
>118 mg/dL were independent risk factors of SSI.

FIGURE 1 The optimum cut-off values of continuous variables
tested by receiver-operating characteristic analysis

TABLE 1 Optimum cut-off value of continuous variables
identified by the ROC analysis

Variables
Cut-off
value

Area under the
ROC curve (AUC) 95% CI

Surgical duration
(minute)

132 0.582 0.511-0.653

Intraoperative body
temperature (�C)

36.2 0.545 0.518-0.592

Lymphocyte
(LYM, 109/L)

1.79 0.580 0.506-0.654

Body mass index
(BMI, kg/m2)

24.9 0.539 0.512-0.595

Blood glucose
(GLU, mg/dL)

118 0.553 0.507-0.852

Serum albumin
(ALB, g/L)

36.4 0.613 0.551-0.675

Intraoperative
blood loss (mL)

285 0.568 0.514-0.614

Abbreviations: CI, confidence interval; ROC, receiver-operating characteristic.
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TABLE 2 The association between single-risk indicators and postoperative surgical site infection

Variables SSI (n = 63, 2.7%) No SSI (n = 2278, 97.3%) P value

Open injury 32 (50.8) 157 (6.9) .000***

Surgery type .002**

Emergency operation 53 (84.1) 1466 (64.4)

Selective surgery 10 (15.9) 812 (35.6)

Cigarette consumption 10 (15.9) 297 (13.0) .462

Alcohol abuse 21 (33.3) 475 (20.9) .083

Gender (female) 31 (49.2) 1380 (60.6) .076

Residential status (urban area) 20 (31.7) 619 (27.2) .504

BMI > 24.9 kg/m2 31 (49.2) 1035 (45.4) .012*

Diabetes mellitus 6 (9.5) 313 (13.7) .000***

Hypertension 19 (30.2) 924 (40.6) .038*

Anaemia 1 (1.6) 26 (1.1) .787

HGB (<134.6 g/L) 39 (61.9) 1624 (71.3) .040*

Liver and kidney disease 1 (1.6) 57 (2.5) .915

Surgical duration (>132 min) 18 (28.6) 604 (26.5) .033*

Intraoperative blood loss (285 mL) 17 (27.0) 1002 (44.0) .006**

ASA score (III-IV) 40 (63.5) 880 (38.6) .000***

Intraoperative body temperature (<36.2�C) 8 (122.7) 287 (12.6) .032*

Anaesthetic type (general) 11 (17.5) 697 (30.6) .090

Surgical site .936

Spine 10 (15.9) 382 (16.8)

Pelvic and acetabulum 2 (3.2) 39 (1.7)

Lower extremity 40 (63.5) 1537 (67.5)

Preoperative antibiotics use 12 (19.0) 336 (14.7) .390

Length of hospital stay (>21 days) 39 (61.9) 423 (18.6) .016*

Drainage use 24 (38.1) 1228 (53.9) .011*

TP (<55 g/L) 7 (11.1) 119 (5.2) .232

ALB (<36.4 g/L) 10 (15.9) 365 (16.0) .001**

WBC# (reference 4–10 × 109/L) .787

<4 1 (1.6) 69 (3.0)

>10 7 (11.1) 327 (14.4)

LYM (<1.79 × 109/L) 32 (50.8) 1426 (62.6) .006**

GLU (>118 mg/dL) 24 (38.1) 698 (30.6) .000***

EOS (references 0.02-0.52 × 109/L) .185

<0.02 8 (12.7) 394 (17.3)

>0.52 0 (0.0) 47 (2.1)

PLT (references 100-300 × 109/L) .854

<100 2 (3.2) 31 (1.4)

>300 10 (15.9) 245 (10.8)

Abbreviations: ALB, albumin; ASA, American Society of Anesthesiologists; BMI, body mass index; EOS, eosinophils; GLU, blood glucose; HGB, haemoglobin;
LYMs, lymphocytes; PLT, blood platelets; TP, total protein; WBCs, white blood cells.
*P < .05; **P < .01; ***P < .0001.

210 LE ET AL.



SSI is one of the most common and adverse complica-
tions of open fracture, Ojo et al19 have confirmed that the
incidence rate of SSI after open injury of Gustilo I was 0%-
2%, and following Gustilo II and III types, it was 2%-15%
and 5%-50%, respectively. Recent evidence in our study has
reaffirmed that geriatric patients with open fracture had an
almost 9.5-fold increased risk of SSI in traumatic orthopae-
dic surgeries and the outcomes were statistically significant
(P = 0.000) and robust. There were 170 open fractures in
the study sample of our study and 32 SSIs were observed,
indicating an 18.8% incidence of wound infection after open
geriatric fracture. Meanwhile, open fracture is a well-
accepted risk factor for deep infection because of more
extensive soft-tissue injury and free contamination of the
wound with skin and ambient flora. Consistent with previous
articles,20,21 2.4% patients suffered from deep SSI in this
study. Multiple operations were needed in the treatment of
open fracture with contaminated or dirty wound, and some
scholars even advocated that it is beneficial to the postopera-
tive wound infection control to reduce the time between ini-
tial trauma to surgery to 6 hours; however, prolonged
debridement time and increased surgical frequency will
inevitably aggrandise the exposure opportunity between
wound and pathogenic bacterium, at the same time, physio-
logical homeostasis of the traumatic patients would be inter-
fered substantially. These abovementioned conditions could
reduce coping strategies and resilience of the body, especially
when the patients are of advanced age. Unlike the other
potential factors for SSI, open injury cannot be modified or
avoided by patients and orthopaedist. For these high-risk
patients, early administration of antibiotics and debridement
have been demonstrated as an imperative of the successful
management of open fractures.

Surgery in elderly patients represents an at-risk procedure
in terms of both anaesthetic and surgical plan, and the ASA
classification system was a practicable and excellent assess-
ment tool for estimation of the inpatients' physical status and
endurance capability to surgery and anaesthesia. The ASA

score has been identified as an independent risk factor of
postoperative SSI in orthopaedics and other disciplines.13-22

In the present study, the ASA classified III-IV score was
associated with quite a high risk of SSI (OR = 2.2). Reese
et al23 conducted a retrospective cohort study, which identi-
fied 1735 adult orthopaedic patients who underwent open
reduction and internal fixation of the long bone fractures,
they found that every extra grade of ASA increased the risk
of SSI approximately by 2.1 times. Similar evidence was
also reported by Ren et al,24 wherein they recruited 3378
elderly patients (≥60) in their study who admitted to the
department of orthopaedics due to traumatic injury, defor-
mity, degenerative and osteopathy disease, and the statistical
results of univariate and multivariable analyses confirmed
that ASA ≥ III was associated with more than 2-fold
increased risk of infection.

Compared with the ASA score, surgical duration was
also considered as a better marker of adverse physiological
conditions, injury severity, technical difficulty, more exten-
sive soft stripping, and extensive exposure of the wound.
The difference in absolute surgical duration between the SSI
and no-infected group for all traumatic geriatric patients in
our study was 28.3 minutes (102.4 vs 130.7). It has been
reported that the risk of a postoperative SSI would increase
approximately 78% with every extra hour of surgical dura-
tion in tibial plateau fracture patients.25 The relationship
between prolonged operating time and SSI was also verified
in spinal injury. Veeravagu et al,26 in a prospective analysis
of 24 774 surgical cases of spinal decompression and fusion
surgery, demonstrated surgical duration up to 3 hours as a
significant predictor of postoperative wound infection.
Although most operating room of level I hospitals were
equipped with air conditioning systems, most of them were
found to contain airborne fungi, albeit at lower concentra-
tions.27 With the prolongation of operating time, exposure
time of surgical incision and deep tissues of orthopaedic
patients to the airborne pathogenic bacteria will increase cor-
respondingly and the immunity of human body to microor-
ganism will compromise under anesthetisation. All the
published literature studies identified 90 minutes, 3 hours, or
5 hours as independent risk factors of SSI.26,28,29 In our
study, a surgical duration of 132 minutes was demonstrated
as the optimum cut-off value in the prediction of postopera-
tive SSI. In the application of the new accurate value in mul-
tivariable analysis, elderly patients who had undergone
orthopaedic surgeries with an operating time longer than
132 minutes were at 2.9 times risk of SSI compared with the
normal patients. Based on our finding, more sub-high-risk
patients could be identified in the clinical practices. How-
ever, there are many modifiable and no-manipulated vari-
ables that affect surgical duration, and surgeons should be

TABLE 3 OR, 95% CI, and P value for independent risk factors
in the multivariable logistic regression analysis of surgical site infection

Variable Odds ratio 95% CI P value

Open injury 9.5 5.4-16.7 .000***

ASA (III-IV) 2.2 1.3-3.8 .006**

Surgical duration >
132 min

2.9 1.1-5.0 .028*

GLU > 118 mg/dL 3.1 1.1-5.3 .000***

ALB < 36.4 g/L 2.0 1.6-3.4 .004**

Abbreviations: ALB, serum albumin; ASA, American Society of
Anesthesiologists; CI, confidence interval; GLU, blood glucose, OR, odds ratio.
*P < .05; **P < .01; ***P < .0001.
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aware of the effect of operating time on SSI and optimise
their workflow accordingly.25

The relationship between hyperglycaemia and adverse
orthopaedic surgical outcomes, such as infectious complica-
tions, has been described.30 Consistent with published stud-
ies, diabetes mellitus was associated with an increased risk
of SSI in univariate analysis (OR, 3.5; P, .000), but the mul-
tivariable analysis showed that GLU of >118 mg/dL rather
than diabetes was an independent risk factors of postopera-
tive wound infection (OR, 3.14; 95% CI, 1.07–5.29). How-
ever, many of previous investigations have been focused on
the influence of diabetes mellitus on the postoperative impli-
cations following orthopaedic surgery.31,32 However, 37.5%
of medical patients and 33% surgical patients who were
admitted to the hospital without a history of diabetes have
hyperglycaemia.33 Elderly patients with hyperglycaemia are
prone to urinary tract infection and the risk of SSI following
pelvic acetabular and hip fractures will increase signifi-
cantly. Elevated preoperative serum GLU level in geriatric
patients increases the risk of SSI, independent of diabetic
status. When the GLU is higher than 252 mg/dL, the phago-
cytic function of WBCs will be compromised, which will
inevitably weaken the body's anti-infective ability. Colonisa-
tion and reproduction of certain bacteria, such as anaerobic
and microaerobic microorganism, are accelerated in high-
concentration glucose tissue.34,35 As a modifiable variable,
hyperglycaemia is a sensitive factor in preventing postopera-
tive wound infection.

Nutritional deficiency has been identified to be an inde-
pendent predictor of postoperative morbidities, including
infection, prolonged length of stay, haematoma, and compli-
cations of the renal, neurovascular, and cardiovascular sys-
tem, and adequate attention should be given to patients'
nutritional intake. In the present study, a lower level of ALB
level (<36.4 g/L) instead of malnutrition (ALB <35 g/L)
was associated with increased prevalence of SSI. Charles
et al36 retrospectively analysed 77 785 patients who under-
went total knee arthroplasty, and they found that patients
with low ALB were more likely to have a superficial (OR,
1.27) and deep (OR, 3.64) SSI compared with that with nor-
mal ALB level. More importantly, ALB level was modifi-
able, and Myint et al37 reported that the number of infection
episodes was reduced significantly after hip fracture patients
accepted oral nutritional supplementation. Similar results
were reported by the authors in different disciplines; how-
ever, the prognostic value and significance of a more sensi-
tive ALB value in the geriatric orthopaedic surgeries remain
ambiguous. ROC curve identified 36.4 g/L as the optimal
threshold for ALB in our study. In the process of univariate
and multivariable analyses, ALB <36.4 g/L would increase
the wound infection risk by 3.3-fold and 2.0-fold, respec-
tively, and these outcomes were statistically significant and

robust. With the clear threshold of ALB, wound infection in
elderly patients could be more effectively predicted and
prevented by orthopaedists.

The potential limitations of this study should to be taken
into account. Firstly, the sample size of overall infected
patients was small, which did not permit us to detect the
relationship between other comorbidities, laboratory
indexes, and SSI. Secondly, a retrospective study inevitably
inherits the selective bias. In addition, some infected patients
were identified via telephone review after being discharged
from hospital and the incidence rate of SSI may be under-
estimated. Despite these limitations, the present study shows
apparent strengths. ROC analysis was performed to define a
highly sensitive cut-off value for ALB level, serum GLU,
and surgical duration in the prediction of postoperative
wound infection.

5 | CONCLUSION

In the present study, we reported a 2.7% incidence rate of
SSI in geriatric patient following orthopaedic surgery. Con-
sistent with other studies, open injury and ASA graded III-
IV score were still well-accepted prognostic risk factors of
SSI. Meanwhile, modifiable variables, such as surgical dura-
tion and levels of ALB and GLU were confirmed to be asso-
ciated with an increased risk of postoperative wound
infection. With the application of these sensitive and modifi-
able factors, individualised treatment strategy can be formu-
lated to assist patients with high risk of SSI to achieve a
better outcome.
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