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Significance of nutritional status
in the development of
periprosthetic infections
A retrospective analysis of 194 patients

Introduction

Despite the enormous progress in sur-
gical treatment for reducing the risk
of infections, periprosthetic joint infec-
tions (PJI) remain a major challenge
and risk for the affected patients, the
health system, and attending personnel
[1–4]. Considering the grave effects of
PJI on patients and the society, the opti-
mization of patient-related risk factors is
vital [4]. The effects of nutritional status
and protein balance are considered to
be significant prognostic factors for the
development of PJI [5, 6]. Malnutrition
is reported to be associated with com-
plications, which range from prolonged
hospital stay to impaired wound healing,
after the hip and knee endoprosthesis
implantation [5, 7–11]; however, this
association seems to receive too little
attention in current clinical practice.
Jensen et al. reported that 50% of the
patients who received elective total hip
arthroplasty (THA) already had a clinical
or subclinical nutrient deficiency before
surgery [12]. The increasing supernutri-
tion and the growing number of obese
persons in industrial countries, which
have caused an increase in metabolic
diseases, support this finding. In con-
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trast, Kaidar-Person et al. reported that
obese persons can also be malnourished
because their diets are often low in vita-
mins, proteins, and nutrients [13, 14]. In
particular, low serum albumin level and
protein deficiency are reportedly nega-
tive predictive factors with respect to the
rates for perioperative and postoperative
complications, such as PJI, associated
with primary joint endoprostheses [15,
16]. Accordingly, a seven-fold increased
risk of arthroplasty-related infections
was observed at a preoperative albumin
level of <35g/L [9]; however, proteins
are essential for adequate wound healing
and serve as carriers for most vitamins
(such as vitamin D and its metabo-
lites), hormones, and mediators. The
importance of vitamin D in orthope-
dic infections and particularly in septic
disease progression has been proven
[17–20]. It is also known that 99% of the
vitamin D present in the human body
exists in a protein-bound form (e.g. vi-
tamin D-binding protein and albumin)
and that it is fully effective only when
the protein level is balanced [21, 22]. It
is striking that none of the cited studies
took the importance of the nutritional
status, particularly the protein balance,
into account.

This retrospective analysis aimed to
examine the nutritional status of and the
proteinbalance inpatientswithperipros-
thetic hip and knee joint infections. Pa-
tients with primary endoprosthesis im-

plantation and aseptic loosening consti-
tuted the comparison groups.

Material andmethods

This study was approved by the ethics
committee of the University of Leipzig
(approval number: 025-16-01022016).
The study was designed and the required
sample size was estimated in advance us-
ing a power analysis program (G*Power;
version 3.1.9.2., Axel Buchner, Edgar
Erdfelder, Franz Faul, Albert-Georg

Abbreviations
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CG II Control group II

CRP C-reactive protein
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NRS Nutritional risk screening
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Table 1 Comparison of the examination groups separated into acute and low-grade PJI with respect to laboratory tests

Acute infection Low-grade infection p-value

Number of subjects
(excluded antiosteoporotic treated patients)

26.2% (16/61) 73.8% (45/61) –

Hemoglobin in mmol/l (7.2–10.0) 5.3± 1.53 6.5± 1.34 0.015

Leukocytes in 109/l (3.5–9.8) 11.4± 4.3 7.6± 1.4 <0.001

C-reactive protein in mg/l (< 5) 176.3± 64 27.3± 54 <0.001

Albumin in g/l (35–52) 28.0± 7.1 37.7± 5.5 0.030

Patients with lowered albumin values in % 80.0% (12/15) 36.4% (16/44) <0.001

Serum protein in g/l (63–83) 59± 7.12 69.3± 6.32 0.040

Patients with lowered serum protein values in % 86.7% (13/15) 22.7% (10/44) <0.001

Creatinine in μmol/l (45–84) 75± 36.1 77± 21.9 0.390

Alanine aminotransferase in μkat/l (0.17–0.58) 0.33± 0.13 0.32± 0.13 0.700

Pathological values are highlighted in italics
Statistically significant values are highlighted in bold
Values are expressed as median (± mean deviation) or as percentage (absolute/total)
Standard values or the physiological range are given in brackets

Table 2 Comparison of the examination groups (SG, CG I primary arthroplasty, CG II aseptic revision)with respect to the number of subjects,median
age (min–max), number (absolute,%) ofmale subjects, THA or TKA BMI andNRS 2002

SG CG I p-value
(SG vs. CG I)

CG II p-value
(SG vs. CG II)

General group characteristics

Number of subjects 61 78 – 55 –

Median age in years (min–max) 74 (35–88) 68 (46–87) 0.125 67 (21–84) 0.239

Number of male patients (%) 35 (57.4) 39 (50.0) 0.387 18 (32.7) 0.008

Number of THA (%) 32 (52.5) 48 (61.5) 0.282 28 (50.9) 0.868

Number of TKA (%) 29 (47.5) 30 (38.5) 27 (49.1)

Median BMI in kg/m2 (SD) 27.8 (5.8) 28.6 (5.6) 0.337 28.7 (4.8) 0.652

Median nutritional risk screening (NRS 2002) score
(SD)

1.0 (0.9) 0.0 (0.7) <0.001 1.0 (0.7) –

Patients with critical nutritional status (NRS ≥3) in
%

8.2 (5/61) 1.3 (1/78) n.a. 0.0 (0/55) n.a.

THA total hip arthroplasty, TKA total knee arthroplasty, BMI body mass index, SD standard deviation, SG study group, CGI control group I, CGII control
group II, NRS nutritional risk screening 2002 score, n.a. not available

Lang, Department of Psychology, Hein-
rich-Heine-University Düsseldorf, Ger-
many). An effect size of medium value
(d= 0.5) and a statistical test power of
80% (1– β= 0.8) were assumed for de-
tecting significant differences (α= 0.05).

This study was conducted at a univer-
sity maximum care hospital in Europe
and involved an analysis with patients of
German nationality. The inclusion cri-
teria for the study group (SG) were the
presence of periprosthetic hip or knee
joint infection, written consent for par-
ticipation, andminimum age of 18 years.
In the present study, periprosthetic infec-
tion was defined based on the criteria of
the International Consensus Meeting on
Periprosthetic Joint Infection (ICMPJI),

2013 [23, 24]. Patients with primary en-
doprosthesis implantation and revision
surgery due to aseptic loosening served
as the control groups I (CG I) and II
(CG II), respectively. According to the
matching procedure both the CGI and II
were adapted to the SG with respect to
age, bodymass index (BMI), and implant
location (THA or total knee arthroplasty,
TKA). Aseptic loosening was defined as
radiologically determined implant loos-
ening with appropriate symptoms.

From 1 January 2015 to 29 September
2017, a total of 61 patients were included
in the SG with 16/61 (26.2%) acute PJI
and 45/61 (73.8%) low-grade PJI. De-
tailed information is given in . Table 1.
Acquisition of suitable patients for CGI

and II (nCG I = 78 and nCG II = 55) was
started at the same time but lasted until
3 November 2017. Total cholesterol,
high-density lipoprotein (HDL) choles-
terol, low-density lipoprotein (LDL)
cholesterol, albumin, C-reactive protein
(CRP), hemoglobin, creatinine, and ala-
nine aminotransferase levels as well as
total protein in serum of all patients
were determined via analysis of periph-
eral venous blood samples; all these
levels were ascertained during inpatient
admission prior to surgery. Further-
more, all patients completed a nutrition
questionnaire comprising questions re-
garding eating habits, sports activities,
and weight fluctuations. The nutritional
risk screening (NRS) 2002 score and

190 Der Orthopäde 3 · 2021



Abstract · Zusammenfassung

Orthopäde 2021 · 50:188–197 https://doi.org/10.1007/s00132-020-03922-8
© The Author(s) 2020

D. Zajonz · A. Daikos · F. Prager · M. Edel · R. Möbius · J. K. M. Fakler · A. Roth · M. Ghanem

Significance of nutritional status in the development of periprosthetic infections. A retrospective
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Abstract
Background.Malnutrition caused by protein
and vitamin deficiencies is a significant
negative prognostic factor in surgical wound
healing disorders and infections. Particularly in
elective surgery, preoperative compensation
of deficiencies is advisable to avoid negative
postoperative consequences. This study
examined the nutritional and protein balance
of patients with periprosthetic hip and knee
joint infections.
Material and methods. Patients with
periprosthetic hip or knee joint infections
constituted the study group (SG). Control
group I (CG I) included patients with primary
implants and CG II included patients who
required revision surgery because of aseptic
loosening. Relevant nutritional and protein

parameters were determined via analysis of
peripheral venous blood samples. In addition,
a questionnaire was used to evaluate the
nutritional and eating patterns of all patients.
The nutritional risk screening (NRS) 2002
score and body mass index (BMI) were also
calculated for all participants.
Results.Differenceswere found in the albumin
level (SG: 36.23± 7.34, CG I: 44.37± 3.32,
p< 0.001, CG II: 44.06± 4.24, p< 0.001) and
total protein in serum (SG: 65.42± 8.66, CG I:
70.80± 5.33, p= 0.004, CG II: 71.22± 5.21,
p= 0.004). The number of patients with
lowered albumin levels (SG 19/61, CG I 1/78,
CG II 2/55) and total protein in serum
(SG: 12/61, CG I 5/78, CG II 2/55) also showed
considerable variation. The number of patients

with a NRS 2002 score ≥3 differed significantly
between SG and both CGs (SG: 5/61, CG I 1/78,
CG II 0/55); however, these differences could
not be confirmed using BMI.
Conclusion. As expected, lowered albumin
and total protein levels were observed in PJI
due to the acute phase reaction. The NRS
can be performed to exclude nutritional
deficiency, which cannot be excluded based
on BMI. In cases of periprosthetic joint
infection it is reasonable to compensate
the nutritional deficiency with dietary
supplements.

Keywords
Vitamin deficiency · Protein deficiency ·
Malnutrition · Body mass index · Arthroplasty

Bedeutung des Ernährungszustands bei der Entstehung von periprothetischen Infektionen. Eine
retrospektive Analyse von 194 Patienten

Zusammenfassung
Hintergrund. Unterernährung aufgrund
von Protein- und Vitaminmangel ist ein
bedeutender negativer Prognosefaktor bei
chirurgischen Wundheilungsstörungen und
Infektionen. Insbesondere bei elektiven
Eingriffen ist ein präoperativer Ausgleich von
Mangelerscheinungen ratsam, um negative
postoperative Folgen zu vermeiden. Ziel
dieser Studie war es, die Ernährungs- und
Proteinbilanz von Patientenmit periprothe-
tischen Hüft- und Kniegelenkinfektionen zu
untersuchen.
Material und Methoden. Patienten mit
periprothetischen Hüft- oder Kniegelenksin-
fektionen bildeten die Studiengruppe (SG).
Die Kontrollgruppe I (CG I) umfasste Patienten
mit Primärimplantaten, während die CGII
Patienten einschloss, die wegen aseptischer
Lockerung eine Revisionsoperation benötig-
ten. Bei allen Patienten wurden relevante

Ernährungs- und Proteinparameter durch die
Analyse von Blutproben bestimmt. Darüber
hinaus wurde ein Fragebogen zur Bewertung
der Ernährungs- und Essgewohnheiten aller
Patienten erhoben. Der Score des Nutritional
Risk Screening (NRS) 2002 und der Body-
Mass-Index (BMI) wurden ebenfalls für alle
Teilnehmer bestimmt.
Ergebnisse. Unterschiede wurden im
Albuminspiegel (SG: 36,23± 7,34, CG I:
44,37± 3,32; p< 0,001; CG II: 44,06± 4,24,
p< 0,001) und im Gesamtprotein im
Serum festgestellt (SG: 65,42± 8,66, CG I:
70,80± 5,33; p= 0,004; CG II: 71,22± 5,21;
p= 0,004). Die Anzahl der Patienten mit
erniedrigten Albuminwerten (SG: 19/61,
CG I: 1/78, CG II: 2/55) und des Gesamtproteins
im Serum (SG: 12/61, CG I: 5/78, CG II: 2/55)
zeigten ebenfalls beträchtliche Unterschiede.
Die Anzahl der Patienten mit kritischem

Ernährungsstatus (NRS-2002-Score ≥3)
unterschied sich signifikant zwischen SG und
beiden CG (SG: 5/61, CG I: 1/78, CG II: 0/55).
Diese Unterschiede konnten jedoch anhand
des BMI nicht bestätigt werden.
Schlussfolgerung. Wie erwartet, werden
aufgrund der Akute-Phase-Reaktion
bei periprothetischen Infektionen (PPI)
niedrigere Albumin- und Gesamtprote-
ingehalte beobachtet. Mittels NRS kann
ein Ernährungsmangel ausgeschlossen
werden, dessen Beurteilung aufgrund des
BMI nicht sicher möglich ist. Bei Auftreten
einer periprothetischen Gelenkinfektion
ist es sinnvoll, den Nährstoffmangel durch
Nahrungsergänzungsmittel auszugleichen.

Schlüsselwörter
Vitaminmangel · Eiweißmangel · Mangeler-
nährung · Body-Mass-Index · Arthroplastik

BMI were also calculated for all study
participants [25].

Data were statistically evaluated using
Excel 2013 (Microsoft, Redmond, WA,
USA) and SPSS v. 24.0 (IBM, Armonk,
NY, USA). Data were reviewed for nor-
mal distribution using the Shapiro-Wilk
test. The non-parametric Mann-Whit-
ney U-test was applied to compare met-

ric scaled variables. Nominal and ordinal
scaled variables were analyzed using the
χ2-test or Fisher’s test and p< 0.05 was
considered to be statistically significant.
Data were expressed asmedian and stan-
dard deviation (SD).

Results

. Table 2 presents the characteristics of
SGandCGs. A striking significantdiffer-
ence was observed in the NRS 2002 score
between SG and CG I (SG: median= 1.0,
SD= 0.9; CG I: median= 0.0, SD= 0.7,
p< 0.001). A significant difference was
also observed in the number of patients
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NRS 2002 = 3

NRS 2002 = 2

NRS 2002 = 1
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Fig. 19Nutritional
risk screening (NRS)
2002 inthe3groups:
>3 nutritional risk
points, preparation
of a nutrition plan
<3 points weekly
repeated screen-
ing. If, for exam-
ple, a large opera-
tion is planned for
the patient a pre-
ventive nutrition
plan should be pur-
sued risk for PJI and
woundhealing dis-
orders

who exhibited a critical nutritional status
(NRS 2002 score ≥3) between SG and
both CGs (SG: 5/61, 8.2%; CG I: 1/78,
1.3%; CG II: 0/55, 0.0%). . Fig. 1 shows
the distribution of NRS 2002 scores
within the individual groups; however,
the differences found in NRS 2002 scores
could not be confirmed using BMI,
which showed no significant differences
between the groups. Nevertheless, in all
groups, the majority of the patients had
an overweight BMI (. Table 2; . Fig. 2).
The results of all laboratory tests as
well as the laboratory-specific standard
levels for each parameter are summa-
rized in . Table 3. The SG and both
CGs showed significant differences in
the hemoglobin (SG: 6.15± 2.05mmol/l,
CGI: 8.56± 0.86mmol/l, p< 0.001, CGII:
8.18± 1.03mmol/l, p< 0.001) and CRP
(SG: 86.21± 98.72mg/l, CG I: 4.55± 1.3
mg/l, p< 0.001, CG II: 13.69± 1.11mg/l,
p< 0.001) levels. Significant differences
were also found in total cholesterol lev-
els, particularly HDL-cholesterol (SG:
1.04± 0.39mg/l, CG I: 1.62± 0.47mg/l,

p< 0.001,CGII:1.45± 0.46mg/l,p< 0.001)
and LDL-cholesterol (SG: 2.65±
0.93mmol/l, CG I: 3.64± 1.18mmol/l,
p< 0.001, CG II: 3.37± 0.94mmol/l,
p< 0.001). The albumin levels (SG:
36.23± 7.34g/l, CG I: 44.37± 3.32g/l,
p< 0.001,CGII:44.06± 4.42g/l,p< 0.001)
and total protein in serum (SG: 65.42±
8.66g/l, CG I: 70.80± 5.33g/l, p= 0.004,
CG II: 71.22± 5.21g/l, p= 0.004) also sig-
nificantly differed between CGs. A sub-
analysis of the available laboratory pa-
rameters of acute and low-grade PJI
is shown in . Table 1. In this context,
it is noticeable that acute PJI showed
significantly lower values concerning
the albumin level and total protein in
serum than low-grade PJI. With respect
to the nutrition questionnaire responses,
SG exhibited a significantly lower level
of the daily time spent outdoors (SG:
median= 1.0h, SD= 1.15h; CG I: me-
dian= 2.0h, SD= 1.45h, p= 0.006; CG II:
median= 2.5h, SD= 1.41h, p< 0.001)
or on the move (SG: median= 2.0h,
SD= 2.61h; CG I: median= 3.0h,

SD= 5.35h, p= 0.003 and CG II: me-
dian= 5.0h, SD= 2.94h, p< 0.001), i.e.,
for activities such as shopping or house-
work. Responses to the individual ques-
tions are presented in . Table 4.

Discussion

The current context of social, economic,
and political changes has led to a mod-
ification in the eating habits of individ-
uals in industrialized countries and has
raised discussions about the impact of
these changes. Thus, overnutrition and
increasingobesity inparticular, pose a se-
rious problem. The proportions of over-
weight (BMI ≥25.0kg/m2) adult women
increased from 22.2% (1974–1975) to
39.1% (1989) and 47.0% (1995–1996),
corresponding to an increase of approxi-
mately 112% [25]. In this context, associ-
ated metabolic diseases, such as diabetes
mellitus and heart diseases, and degener-
ative joint diseases, such as gonarthrosis
and coxarthrosis, have gained in impor-
tance [26]. This study also demonstrated
anincrease inseverityofobesenutritional
status (BMI>30kg/m2) (SG: 41.0%, CGI:
43.6%, and CG II: 45.5%) in all groups.
If patients with a BMI of >25kg/m2 are
included, as much as 68.9%, 79.5%, and
78.2% of the patients in SG, CG I, and
CG II, respectively, had a pre-obese or
obese nutritional status (. Fig. 2).

Clinically relevant vitamin or mineral
deficiency is reported to be rare in west-
ern countries owing to the low cost and
unlimitedvarietyofavailable foods; how-
ever, many people consume enough food
that is either unhealthy or of low nu-
tritional value, i.e., food with a lack of
proteins, vitamins, minerals, and fiber.
In a series of publications, Kaidar-Per-
son et al. reported that the prevalence
of symptoms of deficiency of vitamins,
proteins, etc. in the morbidly obese pop-
ulation was significantly higher than ex-
pected; [13, 14]; therefore, a high BMI
withpre-obesitydoesnot completely rule
out the possibility of malnutrition. With
respect tooverweightpatients, the survey
results also revealed vitamin D and pro-
tein deficiencies in all groups (. Table 3);
in particular, patients in the SG exhibited
significantly lower protein levels (i.e., al-
bumin level and total protein in serum)

192 Der Orthopäde 3 · 2021



100%

75%

50%

25%

0%
study group

31.1%
(n=19)

19.2%
(n=15)

27.9%
(n=17)

36.1%
(n=22) 38.5%

(n=30)

35.9%
(n=28)

21.8%
(n=12)

32.7%
(n=18)

43.2%
(n=24)

4.9%
(n=3)

5.1%
(n=4)

1.8%
(n=1)

1.3%
(n=1)

control group I control group II

BMI > 40.0 (morbid obesity)

30.0 < BMI ≤ 40.0 (overweight)

25.0 < BMI ≤ 30.0 (pre-obese)

18.5 < BMI ≤ 25.0 (normal weight)

BMI ≤ 18.5 (underweight)
Fig. 29 Bodymass
index (BMI) values in
the 3 groups

than those in both CGs (. Table 3). This
finding can be attributed to the increased
consumption during the acute phase re-
action and is particularly evident in acute
as well as in chronic PJI [27]. Whether
a balancing of the proteins, which are
consumed in the acute phase reaction is
meaningful, cannot be proven based on
this study. An isolated substitution of
albumin in the course of infection, es-
pecially in sepsis, is controversially dis-
cussed [28]; however, studies have shown
that reduced albumin levels are associ-
ated with an increased risk of orthope-
dic wound infections [29]. A further
prospective study is planned for this pur-
pose. Furthermore, optimal blood glu-
cose control should be ensured to assess
the effects of overnutrition andmetabolic
changes, such as prediabetes mellitus. In
the present study, compared with those
in the CGs a significantly higher number
of patients in the SG showed abnormal
blood glucose levels (. Table 3). It has
been proven that an increased level of
glycated hemoglobin (HbA1c), in par-

ticular, is associated with an increased
risk of PJI [30]. Determination and op-
timization of the level of HbA1c prior
to elective endoprosthesis implantation
is also advisable. Although a level of
<7% is generally recommended, there is
no international consensus on the ideal
target level of HbA1c; however, in the
short term this level can only be achieved
to a limited extent in patients with se-
vere diabetes [31, 32]. Therefore, optimal
postoperative blood glucose control un-
til adequate wound healing seems to be
essential to avoid PJI [31].

A tendency with respect to conspicu-
ous BMI could not be confirmed in the
individual groups because there were no
significant differences among them. In
contrast, studies have reported that obe-
sity is one of the most important mod-
ifiable patient factors in predicting PJI
after THA or TKA; this is evidenced by
data from a total of 10,690 and 9481 cases
of primary THA and TKA, respectively,
retrieved from the New Zealand Surgi-
cal Site Infection Improvement Program

between 2013 and 2015 [33]. The neg-
ative influence of associated metabolic
diseases, suchasdiabetesmellitusandcir-
culatory disorders, on the development
ofPJI has beenproven [34, 35]. Although
a high BMI is reportedly associated with
higher rates of wound healing disorders
and PJI, an altered or decreased BMI is
not a useful marker for malnutrition [4].

In the present study, NRS proved to
be good predictive factor for PJI. Ap-
proximately 75.4% of the patients in the
SG showed conspicuousNRS 2002 scores
(NRS 2002 score ≥1). The exact distri-
bution within the individual groups is
shown in . Fig. 1. Particularly in the
field of spinal surgery and arthroplasty,
the importance of NRS with respect to
wound infections has beendemonstrated
[5, 27, 36]. A combination of NRS and
preoperative analysis of the albumin lev-
els and total protein in serum seems to
be essential in this aspect [9, 27].

Limitations

Within the scopeof this study the consen-
susmeeting criteria for defining PJI were
used. This aspect could result in a lower
detectionof low-grade infections. There-
fore, it would be sensible to use a more
sensitive classification for future follow-
up studies. A group-specific determina-
tion of HbA1c was not performed. In
addition, the data are only a snapshot of
the levels without a follow-up examina-
tion of the patients. For this reason, it is
notpossible tomake statements about the
previous nutritional and protein balance
of the patients, especially before symp-
tomsofPJIoccurred. Therefore, it cannot
be said whether they have contributed to
the emergence of PJI. Finally, the out-
come cannot be assessed according to
the study parameters; however, a follow-
up examination of the patients has been
planned.

Conclusion

To predict the risk for periprosthetic in-
fections selected protein levels (e.g., al-
bumin level and total protein in serum)
should be preoperatively determined. In
addition, NRS can be performed to ex-
clude nutritional deficiencies. In con-
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Table 3 Comparison of the examination groups (SG, CG I primary arthroplasty, CG II aseptic revision)with respect to laboratory evaluations

Laboratory-specific
standard range

SG CG I p-value
(SG vs. CG I)

CG II p-value
(SG vs. CG II)

Laboratory test

Hemoglobin in mmol/l 7.2–10.0 6.16± 2.05 8.56± 0.86 <0.001 8.18± 1.03 <0.001

Leukocytes in 109/l 3.5–9.8 8.30± 3.79 7.23± 1.57 0.243 7.41± 2.11 0.272

C-reactive protein in mg/l <5.0 86.21± 98.72 4.55± 1.39 <0.001 13.69± 1.11 <0.001

Cholesterol in mmol/l <5.2 4.37± 1.08 5.78± 1.39 <0.001 5.25± 1.11 <0.001

High-density lipoprotein (HDL) choles-
terol in mmol/l

>1.03 1.04± 0.39 1.62± 0.47 <0.001 1.45± 0.46 <0.001

Patients with lowered HDL cholesterol
values in % (absolute)

<1.03 54.1 (33/61) 11.5 (9/78) n.a. 23.6 (13/55) n.a.

Low-density lipoprotein (LDL) choles-
terol in mmol/l

<4.2 2.65± 0.93 3.64± 1.18 <0.001 3.37± 0.94 <0.001

Patients with increased LDL cholesterol
values in % (absolute)

>4.2 3.3 (2/61) 28.2 (22/78) n.a. 14.5 (8/55) n.a.

Glucose in mmol/l n.a. 7.77± 3.30 6.26± 2.12 0.002 6.12± 1.56 0.001

Noticeable glucose values in % (abso-
lute)

<7.8 31.1 (19/61) 12.8 (10/78) n.a. 12.7 (7/55) n.a.

Albumin in g/l 35.0–52.0 36.23± 7.34 44.37± 3.32 <0.001 44.06± 4.24 <0.001

Patients with lowered albumin values in
% (absolute)

<35.0 31.1 (19/61) 1.3 (1/78) n.a. 3.6 (2/55) n.a.

Total serum protein in g/l 63.0–83.0 65.42± 8.66 70.80± 5.33 0.004 71.22± 5.21 0.004

Patients with lowered serum protein
values in % (absolute)

<63.0 19.7 (12/61) 6.4 (5/78) n.a. 3.6 (2/55) n.a.

Creatinine in μmol/l 45.0–84.0 83.80± 40.97 93.42± 85.43 0.599 75.98± 23.97 0.330

Alanine aminotransferase in μkat/l 0.17–0.58 0.34± 0.18 0.41± 0.23 0.074 0.37± 0.21 0.514

Statistically significant values are highlighted in italics
Values are expressed as median (± mean deviation) or as percentage (absolute/total)
Standard values or the physiological range are given in brackets
SG study group, CGI control group I, CGII control group II,

Table 4 Comparison of the examination groups (SG, CG I primary arthroplasty, CG II aseptic revision)with respect to questionnaire evaluation

SG CG I p-value
(SG vs. CG I)

CG II p-value
(SG vs. CG II)

Questionnaire

Median time spending outdoors in hours per day
(SD)

1.0 (1.15) 2.0 (1.45) 0.006 2.5 (1.41) <0.001

Median time on the move (shopping, housework) in
hours per day (SD)

2.0 (2.61) 3.0 (5.35) 0.003 5.0 (2.94) <0.001

Sports activities in % (absolute) 19.7 (12/61) 30.8 (24/78) 0.138 38.2 (21/54) 0.023

Median sports activities in hours per week (SD) 3.5 (2.88) 2.5 (4.36) 0.149 3.0 (2.96) 0.484

Unintentional weight loss in the last 1–3 months in %
(absolute)

11.5 (7/61) 3.8 (3/77) 0.088 12.7 (7/55) 0.836

Lower food intake in the last few weeks in % (abso-
lute)

31.1 (19/61) 12.8 (10/78) 0.008 20.0 (11/54) 0.189

Statistically significant values are highlighted in italics
The values are expressed as median (± mean deviation) or as percentage (absolute/total)
The standard values or the physiological range are given in brackets
SD standard deviation, SG study group, CGI control group I, CGII control group II
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Fig. 39Diagnostic algo-
rithm for assessing the nu-
tritional status before elec-
tive arthroplasty

Fig. 48Diagnostic algorithm for assessing the nutritional status of periprosthetic joint infection (PJI)

trast, BMI is not suitable for assessing
nutritional deficiency because malnutri-
tion can also be present in a pre-obese
nutritional condition. In the case of an
existing PJI, compensation for the nu-
tritional deficiency with dietary supple-
ments is recommended, particularly for
protein and vitamin deficiencies. An al-
gorithm for dealing with malnutrition in

elective arthroplasty but especially in PJI
should be followed. A procedure-related
proposal for both scenarios is presented
in . Figs. 3 and 4, respectively.
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