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Abstract: Background: Fractures of the proximal femur constitute daily work in orthopedic trauma
surgery. With the continuous increase of obesity in the general population, surgeons face several
known technical challenges. The aim of this study was to investigate the association of high body
mass index (BMI) in patients with proximal femur fractures with intra- and postoperative adverse
events, as well as with functional outcomes after successful surgery. Methods: In this retrospective,
single-center cohort study, 950 patients who sustained a fracture of the proximal femur (femoral
neck fracture or trochanteric fracture) and underwent surgical treatment at our level I trauma center
between 2003 and 2015 were included. Patient-specific data were obtained in regard to demographics,
comorbidities, and fracture morphology. In-hospital postoperative complications (i.e., need for
revision surgery, wound site infection, pneumonia, urinary tract infection, necessary transfusion,
and deep-vein thrombosis) were analyzed, along with the length of hospitalization and overall
mortality rate. Functional outcome was assessed using the Barthel index and the patient’s ability to
walk on crutches. Mortality rate and need for revision surgery were assessed over a two-year time
period. Any adverse event was correlated to one of the four WHO’s BMI groups. Results: The cohort
included 80 (8.4%) underweight patients, 570 (60.0%) normal weight patients, 241 (25.4%) overweight
patients, and 59 (6.2%) obese patients. We found more femoral neck fractures (506, or 53%) than
trochanteric fractures (444, or 47%). In bivariate analysis, no significant difference was found in
regard to overall mortality or postoperative complications. Hospitalization time (LOS) differed
between the underweight (12.3 + 4.8 days), normal (13.6 + 7.8 days), overweight (14.2 + 11.7 days),
and obese patients (16.0 £ 9.7 days) (p = 0.040). Operation time increased stepwise with increasing
BMI: underweight = 85.3 + 42.9 min; normal weight = 90.2 + 38.2 min; overweight = 99.9 + 39.9 min;
obese = 117.2 + 61.5 min (p < 0.001). No significant difference was found by analyzing functional
outcomes. However, patients with intermediate BMI levels (18.5-30 kg/m?) tended to achieve the
best results, as represented by a higher Barthel index score and the patient’s ability to walk on
crutches. Conclusion: Increased BMI in patients with proximal femur fractures is associated with both
longer operation time and length of hospitalization (LOS). Postoperative mobilization and functional
outcomes appear to follow a reversed J-curve distribution (with overweight patients showing the best
functional results), whereas both obese and underweight patients have associated poorer function.
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1. Introduction

Proximal femur fractures are among the most common fracture entities in elderly patients and
determine the everyday work of an orthopedic surgeon. They represent the most common non-vertebral
fractures in elderly men and the second most common non-vertebral fractures in elderly women,
following wrist fractures [1]. In Germany, the incidence of proximal femur fractures is estimated to
be above 100,000 patients per year [2]. The ratio between femoral neck fractures and trochanteric
fractures is 54% vs. 46% [3]. Epidemiological observations predict a further increase of the incidence
of proximal femur fractures with an aging society worldwide, thus stressing their significance [4].
Another development is the worldwide progression of obesity becoming a global epidemic, especially
in industrialized countries [5].

Several studies have shown that low body weight is associated with low bone density and a higher
risk of falling [6]. A body mass index (BMI) below 20 kg/m? is associated with a significantly higher
relative risk for proximal femur fractures [7,8]. Overweight patients with proximal femur fractures
are thought to have poorer postoperative outcomes; however, scientific data remain inconclusive to
this day. While the one-year survival rate after hip fracture seems to be higher for patients with a
BMI of 26 and above [9], the negative effects of increased body weight are described in regard to
postoperative complications and the length of stay in the early postoperative period [10]. Other studies
contradict these results and show no difference in hospitalization or postoperative complications in
patients with a high BMI [11,12]. Furthermore, some studies even describe a protective effect of an
overweight body constitution (BMI 25-29.9 kg/m?) when compared to underweight patients with
regard to postoperative complications after elective or trauma-related hip surgery [13].

Over the last decades, a constant increase of the prevalence of overweight and obese patients
has been found, especially in Western societies [14]. Therefore, it can be assumed that an increasing
number of overweight patients with proximal femur fractures will challenge the surgeon in the future.
In order to optimize the surgical treatment of obese patients, it is crucial to know the specific risks
and complications that can appear in this collective. A review of the literature shows that many
studies focus on outcomes after elective hip arthroplasty rather than fractures of the proximal femur.
Thus, the aim of the present study was to evaluate the association between BMI and postoperative
complications, functional outcomes, length of hospitalization, and mortality after proximal femur
fractures with a focus on the early postoperative period.

2. Methods

We performed a single-center, retrospective study analyzing patients who underwent surgery
after proximal femur fractures in our Orthopedic Trauma Surgery Department at the “Klinikum
rechts der Isar”, University Hospital of the Technical University of Munich (TUM), in the period
from December 2003 to June 2015. Approval for the study was obtained from the Ethics Committee
of the Medical Faculty, Klinikum rechts der Isar, Technical University of Munich, Germany (study
number 409/15s).

2.1. Study Population

Patients were identified using a computer-based data management program (SAP), searching for
all operatively treated patients diagnosed with ICD-10 codes 572.0-572.2. All femoral neck fractures
and trochanteric fractures were included, whereas conservatively treated fractures and fractures of
the femoral head were excluded. Further exclusion criteria were revision surgery, severely injured
patients, or patients with concomitant fractures requiring multiple surgical treatments. Furthermore,
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patients with tumor-related pathologic fractures were not analyzed. To determine nutritional status,
we calculated the BMI. We classified the patients according to the criteria of the World Health
Organization, which has four different categories: underweight (UW) (BMI < 18.5 kg/m?), normal
weight (NW) (BMI 18.5-24.9 kg/m?), overweight (OW) (BMI 25.0-29.9 kg/m?), and obese (OB)
(BMI > 30.0 kg/m?) [15].

2.2. Data Collection

Data were recorded from the time of the patient’s admission until their discharge.
The documentation provided by the surgeons, anesthesiologists, nurses, and physiotherapists involved
was used. No follow-up examinations were performed. The body weight, height, and the American
Society of Anesthesiologists (ASA) scores for the patients were assessed from the documentation
provided by the anesthesiologists. Furthermore, preoperatively collected data contained demographics,
type of fracture, and standardized assessment of pre-existing medical conditions (e.g., diabetes, arterial
hypertension, coronary heart disease, hypothyroidism, dementia, stroke, chronic kidney disease,
tumor disease, or substance addiction). Substance addiction was defined as abuse of nicotine, alcohol,
or drugs. Complications, such as the need for revision surgery or dislocation of the arthroplasty, were
obtained from our computer-based documentation system. Complications treated in other hospitals
could not be respected in our analysis.

2.3. Surgical Therapy

The type of surgical treatment depended on the type of fracture. Trochanteric fractures were treated
with a cephalomedullary nailing system (Proximal Femoral Nail Antirotation system, Synthes GmbH,
Oberdorf, Switzerland; or TRIGEN INTERTAN Intertrochanteric Antegrade Nail system, Smith and
Nephew Inc., Cordova, USA) in the majority of cases. A minority of trochanteric fractures were treated
with a dynamic hip screw (DHS Dynamic Hip System, DePuy Synthes GmbH, Oberdorf, Switzerland).
Both interventions were performed using a fracture table with axial traction. For cephalomedullary
nailing, a lateral approach was used, with an entry point at the tip of the greater trochanter. Femoral neck
fractures were treated with a dynamic hip screw or arthroplasty (total hip arthroplasty (THA) or
hemiarthroplasty (HA)), depending on the patient’s individual needs (Zimmer Biomet, Warsaw, USA).
THA and HA were performed using the anterolateral Watson—Jones approach. Details about the
operation time were taken from the nurses’ documentation. The operation time was defined as the
time from incision to suture. Patients treated with cephalomedullary nails or hip arthroplasty were
immediately allowed full weight bearing movement. Patients treated with DHS followed a 15 kg
weight bearing limitation. Range of motion was limited to 90° flexion postoperatively for all patients.

2.4. Outcome Parameters

We evaluated the following patient-based risk factors at the time of admission: age, gender, ASA
score [16], total number of comorbidities, and total number of medications taken. The variable number
of comorbidity did not contain any preexisting medical conditions, rather only the 10 predefined
diseases that were most commonly found in the anamnesis. These predefined comorbidities were:
diabetes mellitus, arterial hypertension, coronary heart disease, addictive disorders, hypothyroidism,
osteoporosis, dementia, past cerebral ischemia, and kidney failure. Complications were recorded,
such as the need for revision surgery, dislocation of arthroplasty, postoperative blood loss and
subsequent need for transfusion, wound site or implant infection, pneumonia, deep vein thrombosis,
or pulmonary embolism. The principal outcome measures were the length of stay (LOS), mortality rate,
operation time, and postoperative Barthel index score prior to discharge. The Barthel index is an ordinal
score ranging from 0 to 100, representing the performance in activities of daily living. It is frequently
used to assess a patient’s capabilities in order to resume their activities of daily life [17]. The level of
mobilization was classified using the documentation of physiotherapists, with the ability to walk on
crutches independently being the most important outcome parameter. Mortality and necessary revision
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surgery were documented during the first two postoperative years. Furthermore, we investigated how
patients with femoral neck fractures and patients with trochanteric fractures differed in regard to their
baseline characteristics and outcomes (LOS, mortality, mobilization). Risk for developing a femoral
neck fracture rather than a trochanteric fracture was analyzed and adjusted for covariates such as BMI,
age, gender, and osteoporosis. In this model, BMI was used as a continuous variable.

2.5. Statistics

For bivariate analyses, continuous variables were described with means + standard deviations.
Binary variables were compared with percentages in cross-tables. Differences between the four BMI
groups were analyzed using the Kruskal-Wallis test for continuous variables (age, operation time, etc.)
and Chi-square test for dichotomous variables. Additionally, linear or logistic multivariate regression
analysis was performed in order to control confounding variables such as age, gender, fracture type,
or ASA score. Continuous variables such as the operation time and LOS that did not show normal
distribution were logarithmized for the linear regression. The level of significance was defined as
p < 0.05. Statistics were calculated using SPSS (Version 22, IBM SPSS Statistics for Windows, Armonk,
NY, USA).

3. Results

A total of 1368 patients with the defined ICD-10 code were identified. After correction for the
exclusion criteria, 950 patients met our criteria for undergoing surgery related to proximal femur
fractures between December 2003 and June 2015. In total, 637 (67.1%) patients were female and 313
(32.9%) patients were male. The mean age was 74.8 + 13.51 years (range 23-99 years). Female patients
were significantly older (77.4 + 11.8 years) than male patients (69.5 + 15.1 years) (p < 0.001). The mean
BMI was 23.53 + 4.17 kg/m?. Patients with a BMI < 18.5 showed the highest average age, however
with no statistical significance (p = 0.089).

3.1. Type of Fracture

In total, 506 (53.3%) femoral neck fractures and 444 (46.7%) trochanteric fractures were observed.
Femoral neck fractures were treated with either THA (n = 147; 29.1%), HA (n = 278; 54.9%), or dynamic
hip screw (1 = 81; 16.0%). Trochanteric fractures were treated with either a cephalomedullary nail (n = 398;
89.6%) or a dynamic hip screw (n = 46; 10.4%). Patients with trochanteric fractures were significantly
older (76.1 + 13.3 years) than those with femoral neck fractures (73.7 + 13.6 years) (p = 0.02) (Table 1).
There was no difference in the prevalence of osteoporosis. LOS did not differ between the groups
(13.76 days vs. 13.78 days). Femoral neck fractures showed significantly higher in-hospital mortality
(4.3%; n = 22) than trochanteric fractures (2.0%; n = 9) (p = 0.041). This bivariate analysis was confirmed
by a logistic regression model controlled for covariates age, gender, and ASA score. Mortality OR for
femoral neck fractures vs. trochanteric fractures was 2.483 (0.121-0.5.496 95% CL p = 0.025).

Table 1. Baseline characteristics and outcomes depending on fracture type.

Femoral Neck Fracture Trochanteric Femur Fracture p-Value
n (%) 506 (53%) 444 (47%)
Age (years) 73.7 £13.6 76.1 +13.3 0.002 *
Gender female 345 (68.2%) 292 (65.8%) 0.429
BMI (kg/m?) 233 +3.8 23.8 +4.6 0.274
ASA score 23+0.7 23+0.7 0.239
Osteoporosis 39 (7.7%) 40 (9.0%) 0.469
Length of stay (days) 13.8 £10.0 13.8+75 0.294
Mortality 22 (4.3%) 9 (2.0%) 0.045 *
Mobility on crutches 298 (63.0%) 212 (51.2%) <0.001 *

Data presented as mean + SD or # (%); * = statistically significant; BMI = body mass index.
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The ratio of trochanteric fractures to femoral neck fractures increases with age, as seen in patients
older than 85 years (n = 220), with a changed ratio of trochanteric fractures to femoral neck fractures of
53.6% (n = 118) to 46.4% (n = 102) being observed. A logistic regression analysis was performed to
identify independent risk factors for having a trochanteric fracture rather than a femoral neck fracture
(Table 2). Body mass index (OR 1.033, 95% ClI, 1.002-1.066; p = 0.040) and age (OR 1.016, 95% ClI,
1.006-1.027; p = 0.002) were significant risk factors when controlled for the covariates female gender
and osteoporosis.

Table 2. Logistic regression analysis of independent risk factors for trochanteric fracture rather than
femoral neck fracture adjusted for the covariates age, gender, and osteoporosis.

OR 95% CI p-Value

BMI 1.033 1.002-1.066 0.040 *

Age 1.016 1.006-1.027 0.002 *
Gender female 1.243 0.932-1.658 0.138
Osteoporosis (anamn.) 1.202 0.752-1.922 0.441

Note: * = statistically significant; OR = odds ratio; CI = confidence interval; BMI = body mass index;
anamn. = anamnestically reported.

3.2. Differences between the BMI Groups

The mean BMI was 23.5 + 4.2 kg/m?, with a minimum of 12.8 kg/m? and a maximum of 48.4 kg/m.
The distribution among the BMI groups was: UW 8.4% (n = 80), NW 60% (n = 570), OW 25.4%
(n =241), OB 6.2% (n = 59). Table 3 shows the baseline characteristics and individual morbidities of the
investigated patient collective for the four BMI groups. Significant differences between the groups
were found regarding gender; preoperative ASA score; fracture type; and prevalence of diabetes,
hypertension, and substance addiction, as well as the number of medications taken.

Table 3. Epidemiology and history of comorbidities.

Under-Weight ~ Normal Weight Over-Weight Obese

(n = 80) (n = 570) (n = 241) (n = 59) p-Value
Age (years) 769 +15.1 74.8 + 139 745 +12.1 72.8 +12.8 0.089
Gender female 66 (82.5%) 392 (68.8%) 140 (58.1%) 39 (66.1%)  <0.001*
ASA score 227 +0.7 225+ 0.7 231+0.7 254 +0.7 0.012 *
Fracture type 0.034 *
Femoral neck fracture 40 (50%) 315 (55.3%) 130 (53.9%) 21 (35.6%)
Trochanteric fracture 40 (50%) 255 (44.7%) 111 (46.1%) 38 (64.4%)
NP° of preexisting morbidities 247 +19 238+ 1.8 2.58 +1.8 3.10+1.6 0.004 *
Diabetes mellitus 7 (8.8%) 78 (13.7%) 57 (23.7%) 22 (37.3%) <0.001 *
Arterial hypertension 32 (40.0%) 288 (50.5%) 145 (60.2%) 44 (74.6%) <0.001 *
Coronary heart disease 20 (25.0%) 148 (26.0%) 76 (31.5%) 24 (40.7%) 0.053
Hypothyroidism 11 (13.7%) 75 (13.2%) 31 (12.9%) 13 (22.0%) 0.302
Osteoporosis 10 (12.5%) 49 (8.6%) 15 (6.2%) 5 (8.5%) 0.331
Dementia 15 (18.8%) 70 (12.3%) 24 (10.0%) 5 (8.5%) 0.186
Stroke 7 (8.8%) 58 (10.2%) 28 (11.6%) 6 (10.2%) 0.898
Substance addiction 13 (16.3%) 37 (6.5%) 13 (5.4%) 2 (3.4%) 0.004 *
Chronic kidney disease 6 (7.5%) 48 (8.4%) 28 (11.6%) 9 (15.3%) 0.201
Tumor disease 16 (20.0%) 78 (13.7%) 32 (13.3%) 9 (15.3%) 0.466
N° of medications 34+35 35+34 39+35 44+30 0.103

Underweight: BMI < 18.5 kg/mz; normal weight: BMI 18.5-24.9 kg/m2 ; overweight: BMI 25.0-29.9 kg/m2 ; obese:
BMI > 30.0 kg/m?. Data presented as mean = SD or 1 (%); * = statistically significant; ASA = American Society
of Anesthesiologists.

UW patients were more likely to be female compared to NW, OW, or OB patients. There was a
significant difference between the different groups regarding their pre-existing comorbidities. The total
number of comorbidities was significantly higher in OB patients (3.10 + 1.6) than in UW and NW
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patients (2.47 + 1.9 and 2.38 + 1.8, respectively). This was also reflected in the preoperative ASA
scores. OB patients had a significantly higher ASA score than all other BMI groups. The prevalence of
both diabetes mellitus and arterial hypertension showed a significant increase with increasing BMI.
This trend could also be seen in the prevalence of coronary heart disease without reaching the level
of significance (p = 0.053). UW patients had a 50/50 ratio of femoral neck fractures to trochanteric
fractures. With increasing BMI, this ratio shifted in favor of trochanteric fractures, reaching a maximum
of 64.4% in the OB patients (Figure 1).

100%
90%
80% FNF
70% FNE FNF FNF
60%
50%
40%
30% TF
20% 1 TF IF
10%
0%
BMI BMI BMI BMI
<185 18.5-249  25-299 >30
kg/m? kg/m? kg/m? kg/m?

Figure 1. Ratio of femoral neck fractures (FNFs) to trochanteric fractures (TFs), depending on the body
mass index (BMI) classification.

The overall in-hospital mortality was 3.3% (n = 31). Significant differences between the groups
were not identified.

No significant differences were found regarding postoperative complications between the different
BMI groups (Table 4). However, a trend was noted in regard to postoperative infections of the wound
site with higher BMI. Postoperative anemia with indication for blood transfusion appeared to be less
frequent in both OW and OB patients as compared to the other two groups. There was a positive
(but insignificant) association of higher BMI with the need for revision surgery. The overall revision
rate within the first two years was 8.4% (n = 80). The reasons for revision were relevant postoperative
hematoma, deep wound site infection, and infection or dislocation of the arthroplasty. The overall
incidence of all dislocations in THAs or HAs was 2.4% (n = 10/415). OB patients had slightly more
dislocations. The results had no significance (UW: n = 3, 3.8%; NW: n = 15, 2.6%; OW: n =5, 2.1%; OB;
n =2,3.4%; p = 0.846). Implant failure is rare and was only reported in 12 cases (1.3%).

Significant differences between the groups were found for operation time and the overall
postoperative LOS. The operation time was significantly less in patients with reduced BMI. The operation
time was 37% longer for OB patients compared to UW patients (117.2 + 61.5 min vs. 85.3 + 42.9 min)
(p < 0.001). NW patients had intermediate operation times (90.2 + 38.2 min).

The mean postoperative LOS in the hospital was 13.7 + 8.9 days. OB patients had a longer
postoperative LOS (16 + 9.7 days), whereas the OW and NW patients had a shorter postoperative
LOS (14.2 £ 11.7 days and 13.6 + 7.8 days, respectively); UW patients had a postoperative LOS of only
12.3 + 4.8 days. Results from bivariate analyses were verified in a multivariate analysis adjusted for
age, gender, ASA score, and fracture type (Table 5).

Regarding the mobility on forearm crutches, we found an advantage for the patients with
intermediate BMI levels (18.5-29.9 kg/m?; NW and OW patients). Overall, 58.6% of these NW and
59.5% of OW patients were mobile on crutches. However, only 53.8% of OB patients and only 45.9% of
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UW patients reached mobility on crutches. The level of significance for these findings was missed
(p = 0.098). Simultaneous distributions were seen regarding the maximum postoperative Barthel index
score. The highest scores of 46.6. and 48.9 were within the NW and OW groups, while the UW and OB
groups had lower scores of 41.7 and 45.0 (Figure 2).

Table 4. Complications and outcome variables.

Under-Weight Normal Weight = Over-Weight Obese Bivariate = Multivariate
(n = 80) (n = 570) (n = 241) (n=59) p-Value ? p-Value P
Revision 4 (5.0%) 47 (8.2%) 22 (9.1%) 7 (11.9%) 0.512 0.538
Erythrocyte transfusion 30 (37.5%) 195 (34.3%) 78 (32.4%) 19 (32.8%) 0.852 0.873
Wound site infection 1 (1.3%) 14 (2.5%) 9 (3.7%) 3(5.1%) 0.422 0.511
Urinary tract infection 6 (7.5%) 51 (8.9%) 23 (9.5%) 6 (10.2%) 0.940 0.810
Pneumonia 4 (5.0%) 24 (4.2%) 12 (5.0%) 4 (6.8%) 0.817 0.751-
Deep vein thrombosis 1 (1.3%) 7 (1.2%) 4 (1.7%) 0(0.0%) 0.953 0.980-
Operation time (min) 85.3 +429 90.2 +38.2 99.9 +39.9 117.2 £ 61.5 <0.001 * <0.001 *
Mobility on crutches 34 (45.9%) 310 (58.6%) 138 (59.5%) 28 (53.8%) 0.098 0.481
Barthel Index score 41.7 £195 46.6 +22.3 489 +17.1 45.0 £12.2 0.062 0.052
Mortality 2 (2.5%) 17 (3.0%) 11 (4.6%) 1(1.7%) 0.065 0.628
Length of stay (LOS) 123 +4.8 13.6 +7.8 142 £11.7 16.0 9.7 0.040 * 0.040 *

Underweight: BMI < 18.5 kg/m2; normal weight: BMI 18.5-24.9 kg/m2; overweight: BMI 25.0-29.9 kg/m2; obese:
BMI > 30.0 kg/m?. Data presented as mean = SD or n (%); * = statistically significant; ? bivariate analysis: Chi-square
test for binary and Kruskal-Wallis test for continuous variables;  multivariate analysis adjusted for age, gender,
ASA score, and fracture type; logistic regression for binary variables and linear regression for continuous variables.

Table 5. Linear regression for length of stay (log.) and operation time (log.) over BMI categories
adjusted for age, gender, ASA score, and fracture type.

Length of Stay (LOS) Operation Time
OR 95% CI p-Value OR 95% CI p-Value
BMI underweight -0.210 —0.358—-0.066 0.004 * -0.320 —-0.457--0.183 <0.001 *
BMI normal -0.128 —-0.244-0.013 0.029 * -0.253 —-0.363——0.144 <0.001 *
BMI overweight -0.113 —-0.235-0.010 0.071 -0.144 —-0.260--0.028 <0.001 *
BMI obese reference reference
Age 0.006 0.003-0.008 0.002 * -0.003 —0.005--0.001 0.008 *
Gender female —-0.043 —-0.018-0.103 0.164 -0.017 -0.075-0.040 0.552
ASA score 0.116 0.076-0.155 <0.001 * -0.002 —0.040-0.035 0.899
Fracture type 0.002 -0.052-0.057 0.931 -0.253 —-0.305--0.201 <0.001 *
Note: * = statistically significant; log. = logarithmized variable; OR = odds ratio; CI = confidence interval; BMI = body
mass index.
50 65%
g
48 < 60%
E
o [
E 46 g 55%
= =
= g
T 44 = 0%
3 £
42 2 45%
=
40 40%
uw NW ow OB Uw NW ow OB
BMI groups BMI groups

Figure 2. Line graph with reversed J-curve shape, demonstrating the functional status represented
by the Barthel index score and mobilization on crutches for the BMI groups (UW = underweight;
NW = normal weight; OW = overweight; OB = obese).
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4. Discussion

The aim of this study was to assess early postoperative outcomes in patients with proximal
femur fractures and to determine if there was an association between body mass index and adverse
events. One clear finding in our study was the longer operation time and longer LOS with increasing
BMI. The duration of the surgery was longer in OW and OB patients compared to the other two
groups. This confirms the data of other studies [18]. One reason might be the time-intensive surgical
preparation through hypertrophic subcutaneous soft tissue during the approach, challenging the
surgeon. Furthermore, a longer overall operation time was described due to prolonged anesthesia
time [19]. According to Meller et al., this also increases the costs of care in OB patients [20].

Length of stay increased stepwise with higher BMI values. Mean LOS was 4 days longer for OB
patients than for UW patients. This effect has been described by Hauck et al. [21] and Zizza et al. [22],
however the reason remains unclear. The mean LOS (13.7 + 8.9 days) was longer compared to other
studies [12,13]. This might be due to the older study population and non-elective nature of the surgery
performed. Anis et al. found that non-elective THAs had significantly longer operation times, longer
LOS, and higher complication rates than elective THAs [23]. The reason for the prolonged hospitalization
of OB patients was most probably delayed mobilization. Bryant et al. showed a delayed time until the
first mobilization out of bed for OB patients [24]. Our findings are in line with these results.

There was no significant difference in in-hospital complications between the BMI groups.
Meller et al. found higher rates of systemic complications (e.g., pneumonia, thromboembolic events, or
renal failure) only in morbidly obese (BMI > 40 kg/mz) and super-obese (BMI > 50 kg/mz) patients [20].
Our overall complication rate was higher than in elective hip surgery but comparable with other
studies in a similar German cohort [25]. However, BMI could not be verified as a risk factor
for early postoperative complications. Comparable studies by Batsis et al. [12], Tucker et al. [18],
and Bryant et al. [24] presented patient collectives with OB patient rates of 8.8%, 21%, and 29%,
respectively. Shaparin et al. described an obesity rate of 45%, with 18% reaching obesity grades II or
III (BMI > 35 kg/mz). All of these studies had their origin in the United States of America. In our
German study population, the obesity rate was 6.2%, with only 1.6% reaching BMI values > 35 kg/m?.
This corresponds with the latest publications by the U.S. Center for Disease Control and Prevention,
which estimated an obesity rate among adults of 42.4% [26]. In Germany, only 18.1% of adults suffer
from obesity [27]. BMI values above 40 kg/m? are defined as morbid obesity. According to Chee et al.,
the rate of complications is up to four times higher (22% vs. 5%) compared to non-obese patients,
especially for these extreme BMI values [28]. In our patient collective, there were only five (0.53%)
morbidly obese patients. The role of obesity in regard to mortality after trauma is controversially
discussed in recent literature.

Differences were seen in early functional outcomes measured by the Barthel index and the ability to
walk on crutches. Both parameters showed the best results in the NW and OW patients. Other studies
investigated the early and long-term mobilization and functionality after hip arthroplasty. Our results
are in line with Bryant et al., showing a faster “out of bed” mobilization for NW and OW patients [24],
while Busato et al. reported better mobility in NW and OW patients [29]. Both studies showed a linear
decrease of functionality with minimally higher BMI levels. Our results suggested a reversed J-curve
pattern with regard to mobility rather than a linear decrease, as described previously [30]. It appears
that in the early postoperative period, patients with moderately elevated BMI (25-30 kg/m?) presented
better functional outcomes. However, BMI > 30 kg/m? was associated with decreased functionality.
Nevertheless, this reversed J-curve relation seems to apply only to the early postoperative phase.
Modig et al. assessed the relationship between BMI and the chance to return to living at home four
months postoperatively. They found that underweight people had a significantly lower likelihood
of returning to their home and could not prove a disadvantage for obese patients [31]. The initial
disadvantage of delayed mobilization in obese patients is not seen until four months post-operation.

The patients in our study had a mean age of 74.8 years and were predominantly (67%) female.
These findings are in concordance with the data for comparable studies [32]. The mean BMI of
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23.5 kg/m? in our population was less than the expected value when compared to a German Register
Study from 2017. The age-adapted mean BMI of elderly people between 70 and 75 years old in Germany
was 26.3 kg/m?. In our study, the distribution of the BMI groups showed an overrepresentation of
UW patients (8.4% vs. 1.8%) and fewer OB patients when compared to the German national average
(6.2% vs. 18.4%) [33], being that UW is a known risk factor for sustaining a proximal femur fracture.
Therefore, it is not surprising that we found more UW patients in our study [8,34]. The higher risk of
falling and decreased bone mineral density (BMD) in sarcopenic patients appear to be the causes [6,7].
The higher rate of osteoporosis in UW patients as compared to OB patients (12.5% vs. 8.5%) can
be reproduced from our data (Table 3). One explanation might be the protective effect of increased
trochanteric soft tissue shielding the bone in OB female patients with hip fracture [35].

Our study supports other results identifying more femoral neck fractures (53%) than trochanteric
fractures (47%) [4]. Our data also confirms previous findings that those with increasing age are more
likely to suffer a trochanteric fracture than a femoral neck fracture [3,36]. Interestingly, we found more
trochanteric fractures among OB patients. The distribution of the fracture type depending on the BMI
group was J-curved. UW patients had a 50% risk of sustaining a trochanteric fracture. NW patients
had the lowest risk (44.7%) and OB patients (64.4%) had the highest risk of sustaining a trochanteric
fracture. This is in contrast with former studies where trochanteric fractures were more associated with
lower body weight [36]. Logistic regression confirmed these findings of high BMI as an independent
risk factor adjusted for age and gender. The lower prevalence of osteoporosis in OB patients [37]
was expected to decrease the risk of trochanteric fractures. Against former assumptions of a linear
and positive effect of BMI on BMD, newer data show that BMD decreases in obese and morbidly
obese patients [38]. Mice fed a high-fat diet developed lower bone density and higher trabecular
separation compared to mice on a normal diet [39]. Adipose tissue itself seems to have a negative
influence on bone quality [40]. Irving et al. described a shift of the fracture pattern towards more
comminuted fractures, especially for OB patients, in trochanteric fractures. A biomechanical influence
of the cushioning of trochanteric soft tissue is considerable [41].

Femoral neck fractures showed significantly (p = 0.045) higher in-hospital mortality (4.3%)
compared to trochanteric fractures (2.0%). This is surprising, especially as patients with trochanteric
fractures are older compared to patients with femoral neck fractures (76.1 + 13.3 years vs.
73.7 + 13.6 years). The higher mortality of femoral neck fractures might be due to longer operation
times, higher rates of blood transfusion, and additional risk during cement application. However,
our findings are in contrast with the results from Fox et al. who found higher mortality (including
in-hospital mortality) for trochanteric fractures after 2, 6, and 12 months [3].

Revision surgery was necessary in 8.4% of all patients, with OB patients showing an increased but
not statistically significant tendency to require the most revisions. Another investigation involving a
large register study showed an increased revision rate for OB patients [42]. Sayed-Noor et al. found
higher 2-year and 5-year revision rates for OW and OB patients in primary THA. The most common
indication for revision was infection [43]. Our revision rate was higher than the comparable literature.
Dy et al. found an overall revision rate of 5% after THA, particularly if they were fracture-related
arthroplasties [44].

Several studies have shown an increased risk for wound site infections for OB patients [45,46].
Impaired perfusion because of decreased capillary density and altered cellular immune competence
due to a chronic low-grade inflammatory process were some of the discussed reasons [47]. However,
we could not reproduce these findings. The rates of surgical site infections were higher in the OW and
OB patients but did not reach statistical significance. Of the 425 patients treated with arthroplasty,
2.4% suffered secondary joint dislocation. Several authors have stated a higher risk of arthroplasty
dislocation for OB patients [48]. We found marginally more dislocations in OB patients (3.4%) compared
to the mean of our cohort (2.4%). This effect is thought to be caused by a lateralizing force resulting from
an impingement phenomenon because of thigh-to-thigh contact in OB patients [49]. Some workgroups
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have detected problems in positioning prostheses in OB patients. Mainly, the positioning of the socket
seems to be challenging and may lead to higher rates of luxation [50].

Existing literature investigating blood loss during hip arthroplasty in OB patients shows an
increase in necessary transfusion rates with higher body weight [51]. We could not reproduce these
results. In contrast, OB patients received less erythrocyte concentrate transfusions than the other three
groups. Cao et al. recently published results that confirm our observations [52]. The higher total blood
volume in OB patients seems to result in a lower volume of relative blood loss [53]. As an interfering
factor, there is malnutrition, which leads to low BMI and undetected anemia, resulting in a higher risk
of perioperative transfusion [54]. Preoperative anemia was not assessed in our data.

In our investigations, there were no significant differences between the BMI groups regarding
mortality. Surprisingly, the mortality rate for OB patients was lower than in any other BMI group.
This fact is in accordance with findings from Alban et al. and Evans et al. [55,56]. Modig et al. also
demonstrated this effect. In a large register study they confirmed the obesity paradox of obese patients
having significantly higher 1-year survival rates after proximal femur fractures [31].

5. Conclusions

In conclusion, there are differences in some outcome parameters in patients sustaining proximal
femoral fractures regarding their preoperative BMI. Longer operation times and longer LOS are the
key findings. Trends in our data also show that OB patients may be at higher risk for postoperative
complications, such as wound infections, need for revision, or even systemic complications (e.g., urinary
tract infections and pneumonia). This association is even more distinct in severely obese patients with
BMI values > 35 or 40 kg/m?.

6. Limitations

The principal limitations of our study are due to its retrospective study design and the long period
of data collection. All of the information about complications, as well as body weight and height, came
from the medical files of patients. The information was not captured by a conscientious investigator
in a prospective study. Furthermore, there were several different surgical techniques and surgeons
that may have affected the results. As a single-center study, our results can only be applied to the
population in Munich, Bavaria. In other regions with a higher proportion of OB patients, the differences
between BMI groups might be even more distinctive.
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OR Odds ratio



J. Clin

. Med. 2020, 9, 2076 110f13

ow Overweight

TF Trochanteric fracture

THA Total hip arthroplasty

TUM Technical University Munich

UW Underweight

WHO World Health Organization

References

1. Schuit, S.C.; van der Klift, M.; Weel, A.E; de Laet, C.E.; Burger, H.; Seeman, E.; Hofman, A_; Uitterlinden, A.G.;
van Leeuwen, J.P.; Pols, H.A. Fracture incidence and association with bone mineral density in elderly men
and women: The Rotterdam study. Bone 2004, 34, 195-202. [CrossRef] [PubMed]

2. Hoffmann, F; Glaeske, G. Incidence of hip fracture in Germany—Person-related analysis of health insurance
population. Gesundheitswesen 2006, 68, 161-164. [CrossRef] [PubMed]

3.  Fox, KM.; Magaziner, J.; Hebel, ].R.; Kenzora, ].E.; Kashner, T.M. Intertrochanteric versus femoral neck hip
fractures: Differential characteristics, treatment, and sequelae. . Gerontol. A Biol. Sci. Med. Sci. 1999, 54,
M635-M640. [CrossRef]

4. Klopfer, T.; Hemmann, P; Ziegler, P; Stockle, U.; Bahrs, C. Proximale femurfraktur und insuffizienzfrakturen
im alter. Trauma Berufskrankh. 2017, 19, 27-36. [CrossRef]

5. Jaacks, L.M.; Vandevijvere, S.; Pan, A.; McGowan, C.J.; Wallace, C.; Imamura, F.; Mozaffarian, D.; Swinburn, B.;
Ezzati, M. The obesity transition: Stages of the global epidemic. Lancet Diabetes Endocrinol. 2019, 7, 231-240.
[CrossRef]

6. Hanna, J.S. Sarcopenia and critical illness. |. Parenter. Enter. Nutr. 2015, 39, 273-281. [CrossRef] [PubMed]

7. Kanis, J.; Johnell, O.; Gullberg, B.; Allander, E.; Elffors, L.; Ranstam, J.; Dequeker, J.; Dilsen, G.; Gennari, C.;
Vaz, A.L.; et al. Risk factors for hip fracture in men from southern Europe: The medos study. Mediterranean
osteoporosis study. Osteoporos. Int. 1999, 9, 45-54. [CrossRef]

8.  Court-Brown, C.M.; Duckworth, A.D.; Ralston, S.; McQueen, M.M. The relationship between obesity and
fractures. Injury 2019, 50, 1423-1428. [CrossRef]

9. Flodin, L.; Laurin, A.; LoKk, J.; Cederholm, T.; Hedstrom, M. Increased 1-year survival and discharge to
independent living in overweight hip fracture patients: A prospective study of 843 patients. Acta Orthop.
2016, 87, 146-151. [CrossRef]

10.  Scully, W.; Piuzzi, N.S.; Sodhi, N.; Sultan, A.A.; George, J.; Khlopas, A.; Muschler, G.F; Higuera, C.A.;
Mont, M.A. The effect of body mass index on 30-day complications after total hip arthroplasty. Hip Int. |.
Clin. Exp. Res. Hip Pathol. Ther. 2020, 30, 125-134. [CrossRef]

11. Basques, B.A.; Bohl, D.D.; Golinvaux, N.S.; Leslie, M.P.; Baumgaertner, M.R.; Grauer, ].N. Postoperative length
of stay and 30-day readmission after geriatric hip fracture: An analysis of 8434 patients. J. Orthop. Trauma
2015, 29, e115-e120. [CrossRef]

12. Batsis, J.A.; Huddleston, J.M.; Melton, L.J., 3rd; Huddleston, PM.; Larson, D.R.; Gullerud, R.E.;
McMahon, M.M. Body mass index (bmi) and risk of noncardiac postoperative medical complications
in elderly hip fracture patients: A population-based study. J. Hosp. Med. 2009, 4, E1-E9. [CrossRef]

13.  Shaparin, N.; Widyn, J.; Nair, S.; Kho, I.; Geller, D.; Delphin, E. Does the obesity paradox apply to early
postoperative complications after hip surgery? A retrospective chart review. J. Clin. Anesth. 2016, 32, 84-91.
[CrossRef] [PubMed]

14. Prugger, C.; Keil, U. Entwicklung der adipositas in Deutschland—Gro68enordnung, determinanten und
perspektiven. Dtsch. Med. Wochenschr. 2007, 132, 892-897. [CrossRef] [PubMed]

15.  World Health Organization. Obesity: Preventing and managing the global epidemic. Report of a who
consultation. World Health Organ. Tech. Rep. Ser. 2000, 894, 1-253.

16. Owens, W.D; Felts, ].A ; Spitznagel, E.L., Jr. Asa physical status classifications: A study of consistency of
ratings. Anesthesiology 1978, 49, 239-243. [CrossRef] [PubMed]

17. Mahoney, EL; Barthel, D.W. Functional evaluation: The barthel index. Md. State Med. J. 1965, 14, 61-65.

18. Tucker, M.C.; Schwappach, ].R.; Leighton, R.K.; Coupe, K.; Ricci, W.M. Results of femoral intramedullary

nailing in patients who are obese versus those who are not obese: A prospective multicenter comparison
study. J. Orthop. Trauma 2007, 21, 523-529. [CrossRef]


http://dx.doi.org/10.1016/j.bone.2003.10.001
http://www.ncbi.nlm.nih.gov/pubmed/14751578
http://dx.doi.org/10.1055/s-2006-926637
http://www.ncbi.nlm.nih.gov/pubmed/16575695
http://dx.doi.org/10.1093/gerona/54.12.M635
http://dx.doi.org/10.1007/s10039-016-0203-0
http://dx.doi.org/10.1016/S2213-8587(19)30026-9
http://dx.doi.org/10.1177/0148607114567710
http://www.ncbi.nlm.nih.gov/pubmed/25591973
http://dx.doi.org/10.1007/s001980050115
http://dx.doi.org/10.1016/j.injury.2019.06.016
http://dx.doi.org/10.3109/17453674.2015.1125282
http://dx.doi.org/10.1177/1120700019826482
http://dx.doi.org/10.1097/BOT.0000000000000222
http://dx.doi.org/10.1002/jhm.527
http://dx.doi.org/10.1016/j.jclinane.2015.12.037
http://www.ncbi.nlm.nih.gov/pubmed/27290953
http://dx.doi.org/10.1055/s-2007-973636
http://www.ncbi.nlm.nih.gov/pubmed/17443448
http://dx.doi.org/10.1097/00000542-197810000-00003
http://www.ncbi.nlm.nih.gov/pubmed/697077
http://dx.doi.org/10.1097/BOT.0b013e31813347ac

J. Clin. Med. 2020, 9, 2076 12 0f13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kadry, B.; Press, C.D.; Alosh, H.; Opper, LM.; Orsini, J.; Popov, L.A.; Brodsky, ].B.; Macario, A. Obesity
increases operating room times in patients undergoing primary hip arthroplasty: A retrospective cohort
analysis. Peer] 2014, 2. [CrossRef]

Meller, M.M.; Toossi, N.; Gonzalez, M.H.; Son, M.-S,; Lau, E.C.; Johanson, N. Surgical risks and costs of
care are greater in patients who are super obese and undergoing THA. Clin. Orthop. Relat. Res. 2016, 474,
2472-2481. [CrossRef]

Hauck, K.; Hollingsworth, B. The impact of severe obesity on hospital length of stay. Med. Care 2010, 48,
335-340. [CrossRef] [PubMed]

Zizza, C.; Herring, A.H.; Stevens, ].; Popkin, B.M. Length of hospital stays among obese individuals. Am. J.
Public Health 2004, 94, 1587-1591. [CrossRef] [PubMed]

Anis, H.K.; Sodhi, N.; Coste, M.; Ehiorobo, ]J.O.; Newman, J.M.; Garbarino, L.]J.; Gold, P.; Freund, B.;
Piuzzi, N.; Mont, M.A. A comparison of peri-operative outcomes between elective and non-elective total hip
arthroplasties. Ann. Transl. Med. 2019, 7, 78. [CrossRef] [PubMed]

Bryant, M.K.; Parrish, M.; Roy, S.; Udekwu, P; Farrell, M.; Schinco, M.; Ganga, S. Inferior clinical outcomes
after femur fracture in the obese are potentially preventable. Injury 2019, 50, 2049-2054. [CrossRef] [PubMed]
Eschbach, D.A.; Oberkircher, L.; Bliemel, C.; Mohr, J.; Ruchholtz, S.; Buecking, B. Increased age is not
associated with higher incidence of complications, longer stay in acute care hospital and in hospital mortality
in geriatric hip fracture patients. Maturitas 2013, 74, 185-189. [CrossRef] [PubMed]

Hales, C.M.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Prevalence of Obesity and Severe Obesity among Adults:
United States, 2017-2018; National Center for Health Statistics: Hyattsville, MD, USA, 2020.

Schienkiewitz, A.; Mensink, G.; Kuhnert, R.; Lange, C. Ubergewicht und Adipositas bei Erwachsenen in
Deutschland. Available online: https://www.rki.de/DE/Content/Gesundheitsmonitoring/Gesundheitsberichterst
attung/GBEDownloads]/FactSheets/JoHM_2017_02_Uebergewicht_Adipositas_Erwachsene.html (accessed on
14 June 2017).

Chee, Y.H.; Teoh, K.H.; Sabnis, B.M.; Ballantyne, J.A.; Brenkel, L]. Total hip replacement in morbidly obese
patients with osteoarthritis: Results of a prospectively matched study. ]. Bone Joint Surg. Br. 2010, 92,
1066-1071. [CrossRef]

Busato, A.; Roder, C.; Herren, S.; Eggli, S. Influence of high bmi on functional outcome after total hip
arthroplasty. Obes. Surg. 2008, 18, 595-600. [CrossRef]

Nafiu, O.O.; Kheterpal, S.; Moulding, R.; Picton, P.; Tremper, K K.; Campbell, D.A., Jr.; Eliason, J.L.; Stanley, ].C.
The association of body mass index to postoperative outcomes in elderly vascular surgery patients: A reverse
j-curve phenomenon. Anesth. Analg. 2011, 112, 23-29. [CrossRef]

Modig, K.; Erdefelt, A.; Mellner, C.; Cederholm, T.; Talback, M.; Hedstrém, M. “Obesity paradox” holds
true for patients with hip fracture: A registry-based cohort study. J. Bone Joint Surg. Am. 2019, 101, 888-895.
[CrossRef]

Akinleye, S.D.; Garofolo, G.; Culbertson, M.D.; Homel, P,; Erez, O. The role of bmi in hip fracture surgery.
Geriatr. Orthop. Surg. Rehabil. 2018, 9, 2151458517747414. [CrossRef]

Destatis, S.B. Mikrozensus—Fragen zur Gesundheit—Korpermafle der Bevolkerung 2017. Available online:
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isg
betol/xs_start_neu/&p_aid=3&p_aid=70540760&nummer=223&p_sprache=D&p_indsp=99999999&p_aid
=34467983 (accessed on 1 August 2018).

De Laet, C.; Kanis, J.A.; Oden, A.; Johanson, H.; Johnell, O.; Delmas, P; Eisman, J.A.; Kroger, H.; Fujiwara, S.;
Garnero, P; et al. Body mass index as a predictor of fracture risk: A meta-analysis. Osteoporos. Int. 2005, 16,
1330-1338. [CrossRef] [PubMed]

Bachmann, K.N.; Fazeli, PK.; Lawson, E.A.; Russell, B.M.; Riccio, A.D.; Meenaghan, E.; Gerweck, A.V,;
Eddy, K.; Holmes, T.; Goldstein, M.; et al. Comparison of hip geometry, strength, and estimated fracture
risk in women with anorexia nervosa and overweight/obese women. J. Clin. Endocrinol. Metab. 2014, 99,
4664-4673. [CrossRef]

Mautalen, C.A.; Vega, EMM.; Einhorn, T.A. Are the etiologies of cervical and trochanteric hip fractures
different? Bone 1996, 18, S133-S137. [CrossRef]

Lloyd, ].T.; Alley, D.E.; Hawkes, W.G.; Hochberg, M.C.; Waldstein, S.R.; Orwig, D.L. Body mass index is
positively associated with bone mineral density in us older adults. Arch. Osteoporos. 2014, 9, 175. [CrossRef]
[PubMed]


http://dx.doi.org/10.7717/peerj.530
http://dx.doi.org/10.1007/s11999-016-5039-1
http://dx.doi.org/10.1097/MLR.0b013e3181ca3d85
http://www.ncbi.nlm.nih.gov/pubmed/20220534
http://dx.doi.org/10.2105/AJPH.94.9.1587
http://www.ncbi.nlm.nih.gov/pubmed/15333319
http://dx.doi.org/10.21037/atm.2019.01.64
http://www.ncbi.nlm.nih.gov/pubmed/30963073
http://dx.doi.org/10.1016/j.injury.2019.08.026
http://www.ncbi.nlm.nih.gov/pubmed/31447210
http://dx.doi.org/10.1016/j.maturitas.2012.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23218684
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Gesundheitsberichterstattung/GBEDownloadsJ/FactSheets/JoHM_2017_02_Uebergewicht_Adipositas_Erwachsene.html
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Gesundheitsberichterstattung/GBEDownloadsJ/FactSheets/JoHM_2017_02_Uebergewicht_Adipositas_Erwachsene.html
http://dx.doi.org/10.1302/0301-620X.92B8.22764
http://dx.doi.org/10.1007/s11695-007-9412-8
http://dx.doi.org/10.1213/ANE.0b013e3181fcc51a
http://dx.doi.org/10.2106/JBJS.18.01249
http://dx.doi.org/10.1177/2151458517747414
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=70540760&nummer=223&p_sprache=D&p_indsp=99999999&p_aid=34467983
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=70540760&nummer=223&p_sprache=D&p_indsp=99999999&p_aid=34467983
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_start_neu/&p_aid=3&p_aid=70540760&nummer=223&p_sprache=D&p_indsp=99999999&p_aid=34467983
http://dx.doi.org/10.1007/s00198-005-1863-y
http://www.ncbi.nlm.nih.gov/pubmed/15928804
http://dx.doi.org/10.1210/jc.2014-2104
http://dx.doi.org/10.1016/8756-3282(95)00490-4
http://dx.doi.org/10.1007/s11657-014-0175-2
http://www.ncbi.nlm.nih.gov/pubmed/24664472

J. Clin. Med. 2020, 9, 2076 13 0f 13

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Mosca, L.N.; Goldberg, T.B.; da Silva, V.N.; da Silva, C.C.; Kurokawa, C.S.; Bisi Rizzo, A.C.; Corrente, J.E.
Excess body fat negatively affects bone mass in adolescents. Nutrition 2014, 30, 847-852. [CrossRef] [PubMed]
Cao, ].J.; Sun, L.; Gao, H. Diet-induced obesity alters bone remodeling leading to decreased femoral trabecular
bone mass in mice. Ann. N. Y. Acad. Sci. 2010, 1192, 292-297. [CrossRef] [PubMed]

Kim, J.; Kwon, H.; Heo, B.-K; Joh, H.-K.; Lee, C.M.; Hwang, S.-S.; Park, D.; Park, J.-H. The association
between fat mass, lean mass and bone mineral density in premenopausal women in Korea: A cross-sectional
study. Korean J. Fam. Med. 2018, 39, 74-84. [CrossRef]

Irving, D.; Hinkley, J.; Marquart, M. The relationship between bmi and stability of intertrochanteric fracture
following low-energy falls. A retrospective cohort study. Geriatr. Orthop. Surg. Rehabil. 2019, 10,
2151459319857555. [CrossRef]

Onggo, J.R.; Onggo, ].D.; de Steiger, R.; Hau, R. Greater risks of complications, infections, and revisions in
the obese versus non-obese total hip arthroplasty population of 2,190,824 patients: A meta-analysis and
systematic review. Osteoarthr. Cartil. 2020, 28, 31-44. [CrossRef] [PubMed]

Sayed-Noor, A.S.; Mukka, S.; Mohaddes, M.; Karrholm, J.; Rolfson, O. Body mass index is associated with
risk of reoperation and revision after primary total hip arthroplasty: A study of the Swedish hip arthroplasty
register including 83,146 patients. Acta Orthop. 2019, 90, 220-225. [CrossRef]

Dy, CJ.; Bozic, KJ.; Pan, T.J.; Wright, TM.; Padgett, D.E.; Lyman, S. Risk factors for early revision after total
hip arthroplasty. Arthritis Care Res. 2014, 66, 907-915. [CrossRef] [PubMed]

Thelwall, S.; Harrington, P.; Sheridan, E.; Lamagni, T. Impact of obesity on the risk of wound
infection following surgery: Results from a nationwide prospective multicentre cohort study in England.
Clin. Microbiol. Infect. 2015, 21, e1001-e1008. [CrossRef] [PubMed]

Gurunathan, U.; Ramsay, S.; Mitric, G.; Way, M.; Wockner, L.; Myles, P. Association between obesity and
wound infection following colorectal surgery: Systematic review and meta-analysis. ]. Gastrointest. Surg.
2017, 21, 1700-1712. [CrossRef] [PubMed]

Pierpont, Y.N.; Dinh, T.P.; Salas, R.E.; Johnson, E.L.; Wright, T.G.; Robson, M.C.; Payne, W.G. Obesity and
surgical wound healing: A current review. ISRN Obes. 2014, 2014, 638936. [CrossRef]

Kim, Y.; Morshed, S.; Joseph, T.; Bozic, K.; Ries, M.D. Clinical impact of obesity on stability following revision
total hip arthroplasty. Clin. Orthop. Relat. Res. 2006, 453, 142-146. [CrossRef]

Elkins, ].M.; Daniel, M.; Pedersen, D.R,; Singh, B.; Yack, H.J.; Callaghan, J.J.; Brown, T.D. Morbid obesity
may increase dislocation in total hip patients: A biomechanical analysis. Clin. Orthop. Relat. Res. 2013, 471,
971-980. [CrossRef]

Elson, L.C.; Barr, C.J.; Chandran, S.E.; Hansen, V.J.; Malchau, H.; Kwon, Y.-M. Are morbidly obese patients
undergoing total hip arthroplasty at an increased risk for component malpositioning? |. Arthroplast. 2013, 28,
41-44. [CrossRef]

Bowditch, M.G.; Villar, R.N. Do obese patients bleed more? A prospective study of blood loss at total hip
replacement. Ann. R. Coll. Surg. Engl. 1999, 81, 198-200.

Cao, G.; Chen, G;; Yang, X.; Huang, Q.; Huang, Z.; Xu, H.; Alexander, P.G.; Zhou, Z.; Pei, F. Obesity does not
increase blood loss or incidence of immediate postoperative complications during simultaneous total knee
arthroplasty: A multicenter study. Knee 2020, 27, 963-969. [CrossRef]

Frisch, N.; Wessell, N.M.; Charters, M.; Peterson, E.; Cann, B.; Greenstein, A.; Silverton, C.D. Effect of
body mass index on blood transfusion in total hip and knee arthroplasty. Orthopedics 2016, 39, e844-e849.
[CrossRef]

Kassebaum, N.J.; Jasrasaria, R.; Naghavi, M.; Wulf, S.K,; Johns, N.; Lozano, R.; Regan, M.; Weatherall, D.;
Chou, D.P; Eisele, T.P; et al. A systematic analysis of global anemia burden from 1990 to 2010. Blood 2014,
123, 615-624. [CrossRef] [PubMed]

Alban, R;; Lyass, S.; Margulies, D.; Shabot, M. Obesity does not affect mortality after trauma. Am. Surg. 2006,
72,966-969. [PubMed]

Evans, D.; Stawicki, S.; Davido, H.; Eiferman, D. Obesity in trauma patients: Correlations of body mass index
with outcomes, injury patterns, and complications. Am. Surg. 2011, 77, 1003-1008. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.nut.2013.12.003
http://www.ncbi.nlm.nih.gov/pubmed/24985003
http://dx.doi.org/10.1111/j.1749-6632.2009.05252.x
http://www.ncbi.nlm.nih.gov/pubmed/20392249
http://dx.doi.org/10.4082/kjfm.2018.39.2.74
http://dx.doi.org/10.1177/2151459319857555
http://dx.doi.org/10.1016/j.joca.2019.10.005
http://www.ncbi.nlm.nih.gov/pubmed/31705995
http://dx.doi.org/10.1080/17453674.2019.1594015
http://dx.doi.org/10.1002/acr.22240
http://www.ncbi.nlm.nih.gov/pubmed/24285406
http://dx.doi.org/10.1016/j.cmi.2015.07.003
http://www.ncbi.nlm.nih.gov/pubmed/26197212
http://dx.doi.org/10.1007/s11605-017-3494-y
http://www.ncbi.nlm.nih.gov/pubmed/28785932
http://dx.doi.org/10.1155/2014/638936
http://dx.doi.org/10.1097/01.blo.0000238874.09390.a1
http://dx.doi.org/10.1007/s11999-012-2512-3
http://dx.doi.org/10.1016/j.arth.2013.05.035
http://dx.doi.org/10.1016/j.knee.2020.01.012
http://dx.doi.org/10.3928/01477447-20160509-04
http://dx.doi.org/10.1182/blood-2013-06-508325
http://www.ncbi.nlm.nih.gov/pubmed/24297872
http://www.ncbi.nlm.nih.gov/pubmed/17058746
http://dx.doi.org/10.1177/000313481107700818
http://www.ncbi.nlm.nih.gov/pubmed/21944514
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Data Collection 
	Surgical Therapy 
	Outcome Parameters 
	Statistics 

	Results 
	Type of Fracture 
	Differences between the BMI Groups 

	Discussion 
	Conclusions 
	Limitations 
	References

