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ÖZ

Amaç: Ameliyat süresinin doğru tahmin edilmesi ameliyathane maliyetlerini 
azaltacak ve hasta memnuniyetini artıracaktır. Son çalışmalarda yazarlar, operasyon 
bölgesinde artan yağ dokusunun komplikasyonları arttırdığını bulmuşlardır. Ancak 
literatürde yağ dokusu kalınlığındaki artışın operasyon süresine etkisini araştıran 
bir çalışma bulunmamaktadır. Bu çalışmanın hipotezi, omuz bölgesinde artan yağ 
dokusu kalınlığının ameliyat süresini uzatacağıydı ve çalışma buna göre planlandı.
Yöntemler: 2015-2020 yılları arasında rotator manşet tamiri uygulanan hastaların 
ameliyat öncesi manyetik rezonans görüntüleri iki gözlemci tarafından bağımsız 
olarak değerlendirildi. Akromiyal yağ kalınlığı operasyon bölgesinin yağ kalınlığı 
olarak, skapular yağ dokusu kalınlığı ise operasyon bölgesine görece uzak bölgenin 
yağ kalınlığı olarak ölçüldü. Elde edilen veriler çok değişkenli analiz ve ikili lojistik 
regresyon modeli kullanılarak değerlendirildi.
Bulgular: Toplam 106 hasta değerlendirildi. Ortalama toplam operasyon süresi 89±33 
dakika idi. Ortalama akromiyal yağ kalınlığı 12.2±4.89 mm ve ortalama skapular yağ 
kalınlığı 27.9±12.5 mm idi. Akromiyal yağ kalınlığındaki artışın operasyon süresini 
uzattığı belirlendi (OR=5.75, 29.21, p<0.05).
Sonuç: Ameliyat bölgesindeki yağ dokusunun kalınlığı ameliyat süresini etkileyen 
faktörlerden biridir. Ameliyathane planlaması optimize edilerek hastalar ameliyat 
öncesi uzamış ameliyat süresinin ve buna bağlı komplikasyonların riskleri hakkında 
bilgilendirilebilir ve maliyetler düşürülebilir. Ayrıca yağ dokusu kalınlığı artan 
bireylerde tendinöz patolojilerin daha fazla olabileceği ve bu yollada ameliyatı 
süresini uzamasına katıkıda bulunabileceği göz önünde bulundurulmalıdır.

Anahtar kelimeler: yağ dokusu kalınlığı, rotator manşet tamiri, ameliyat süresi

ABSTRACT

Objective: Accurate estimation of operation time will reduce operating room costs 
and increase patient satisfaction. In recent studies, authors have found that thicker 
adipose tissue at the operation site is associated with a higher rate of complications. 
However, there is no study in the literature investigating the effect on operation 
time of an increase in adipose tissue thickness. This present study hypothesized 
that thicker adipose tissue in shoulder surgeries would prolong the operation time, 
therefore the study was planned accordingly.
Material and Methods: Preoperative magnetic resonance images of patients applied 
with rotator cuff repair between 2015 and 2020 were independently evaluated by 
two observers. The acromial fat thickness was measured as the fat thickness of 
the operation area, and the scapular fat tissue thickness as the fat thickness of the 
region relatively far from the operation area. The data obtained were evaluated using 
multivariate analysis and a binary logistic regression model. 
Results: Evaluation was made of a total of 106 patients. The mean total operation 
time was 89±33 mins. The mean acromial fat thickness was 12.2±4.89 mm and 
the mean scapular fat thickness was 27.9±12.5mm. The increase in acromial fat 
thickness was determined to have extended the operation time (OR=5.75, 29.21, 
p<0.05). 
Conclusion: The thickness of fat tissue in the surgical area is one of the factors 
affecting operating time. Patients can be informed about the risk of prolonged 
surgery time and associated complications before surgery and costs can be reduced 
by optimizing operating room planning. In addition, it should be considered that 
tendinous pathologies may be more common in individuals with increased adipose 
tissue thickness and thus contribute to prolonging the operation time.

Keywords: adipose tissue thickness, rotator cuff repair, surgery time 
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Does adipose tissue thickness affect the 
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Introduction

W ith the developments in imaging methods 
such as Magnetic Resonance Imaging 

(MRI), Computed Tomography (CT) and X-rays, 
orthopedic surgeons can better evaluate muscle, 
bone, tendons, ligaments and similar structures 
and make a more accurate preoperative plan. 
Adipose tissue however, which shows a good 
deal of interpersonal variations, is often not 
taken into account, although it can provide 
some information for preoperative planning. 
Previous studies have stated that the thickness 
of fatty tissue around the surgical area increases 
complications, such as postoperative surgical 
site infections [1, 2]. It has been suggested that 
the increase in complications may be a result of 
prolongation of the operation time [3-5]. However, 
no study in the literature has yet investigated the 
effect of increased adipose tissue thickness on 
operation time and this information may be useful 
in distinguishing whether these complications are 
due to immunological and metabolic causes of 
obesity, or to prolongation of the actual operation 
time, as some have suggested.

When all elective surgical procedures are taken 
into account, rotator cuff operations present much 
more variability in terms of surgical time. Based 
on this observation, we determined that examining 
the operation time of these types of surgeries 
would provide the greatest clinical benefits. 
By determining the possible complications, 
an accurate estimation of operating time will 
help to reduce the operation costs by providing 
more effective operating room usage [6, 7]. 
Furthermore, with a more efficient operating 
room schedule, patient satisfaction rates can be 
improved by providing shorter waiting times [8]. 
Estimation of the operation time, patient age, body 
mass index (BMI), primary surgery, anesthesia 
type, secondary procedures and surgeon type 
data have been taken into consideration in the 
published literature [9,10]. In addition to these 
defined factors, the operation area adipose tissue 
thickness and non-operation area adipose tissue 
thickness were added to the multivariate logistic 
model in the current study.

This study hypothesized that an increase in the 
thickness of the adipose tissue in the surgical 

area would prolong the operation time. No study 
on this subject could be found in the literature, 
therefore this study aimed to investigate the 
relationship between increased thickness of fat 
tissue and operating time, in patients applied with 
rotator cuff repair.

Materials and methods

Approval for this study was granted by the Local 
Ethics Committee. The data used was obtained 
from the hospital electronic records system and 
the electronic Picture Archiving Communication 
Systems (PACS). The patients included in the 
study were those who underwent shoulder rotator 
cuff operation between January 2015 and March 
2020 and had shoulder MRI taken less than 6 
months pre-operatively. All the operations were 
performed by two surgeons, each with twelve and 
six years of experience, respectively.

 Patients were excluded from the study if the 
MR images had not been captured with the 
appropriate technique or if the data regarding the 
operating time or the procedures applied during 
the operation was not available. A record of 
demographic data, including age and gender, was 
made for each patient. Surgeon type (surgeon 1, 
surgeon 2) and operating time were recorded and 
the preoperative MRIs were evaluated according 
to the DeOrio and Cofield classification [11]. The 
BMI values of the patients, American Society of 
Anesthesiologist (ASA) scores and the anesthesia 
method used, were also examined. The thickness 
of fat tissue was measured on the preoperative MR 
images. The acromial fat thickness was recorded 
as the fat thickness of the operation area, whereas 
the scapular fat tissue thickness was recorded as 
the fat thickness of the region relatively far from 
the operation area.

Images were obtained using a 1.5 Tesla MRI 
device. The acromial fat distance was measured 
in series obtained with coronal oblique fat 
suppressed PD (proton density) sequences, and 
scapular fat distance was measured in series 
created with axial fat-suppressed PD sequences. 
For standardization of the measurement of fat 
tissue thickness in each patient, the spina scapula 
axis was first determined on the transverse section 
that showed the longest view of the spina scapula, 
and from the midpoint of the spina scapula on this 
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image, fat tissue thickness was determined over 
the vertical line drawn from the determined axis 
(Figure 1). Then, the thickness of the adipose 
tissue on the line joining the superior and inferior 
corners of the glenoid was measured in the 
section where the glenoid was seen to be largest 
in coronal sections (Figure 2).

Figure 1. Measurement of the scapular fat thickness.
 

Figure 2. Measurement of the acromial fat thickness.

An orthopedic surgeon and a radiology specialist 
took the measurements, both with over 10 years 
of experience. The measurements were taken 
twice at an interval of 4 weeks between the two 
measurements of the orthopedic surgeon and the 
radiology specialist. The interclass and intraclass 
coefficient (ICC) values were calculated for the 
results obtained. In addition to the cuff repair, 

additional procedures such as biceps tenotomy, 
tenodesis, acromioplasty, superior labrum anterior 
and posterior (SLAP) repair and Bankart repair, 
were all recorded. 

Data obtained in the study was analyzed 
statistically using the SPSS vn. 23.0 software 
(IBM, Armonk, NY, USA). Continuous variables 
were compared between the groups using the 
Mann Whitney U-test or the Kruskal Wallis test 
and categorical variables were analyzed using 
the Chi-square test. Multivariate analysis and a 
binary logistic regression model were applied in 
the evaluation of the data. A value of p<0.05 was 
accepted as statistically significant.

Results

Initially, 113 patients were included in the 
study and seven were then excluded from the 
analysis: four patients with preoperative MRIs not 
available and three with unavailable operation 
information. Thus, the evaluation of 106 patients 
was performed, with a mean age of 57±10.6 years 
and a mean operating time of 89±33 min. The 
demographic characteristics of the patients are 
shown in Table 1. The sex and age of the patients 
had no significant effect on operation time (p>0.05) 
(Table 1). The mean acromial fat thickness was 
determined to be 12.2±4.89 mm and the mean 
scapular fat thickness was 27.9±12.5 mm.

Table 1. Operation Time according to Demographic Characteristics.

n (%)          Operation 
Time

P value Operation Time 
Class

P value

Overall 106 89.00 ± 
33.52

 <90 90>

Sex  0.603ª 0.378c

    Male  40 
(37.7)

93.68 ± 
41.23

22 
(55.0)

18 
(45.0)

    
Female

 66 
(63.3)

86.69 ± 
28.45

42 
(63.6)

24 
(36.4)

Age 
(years)

0.251b 0.427c

   <50  28 
(26.4)

99.29 ± 
39.90

14 
(50.0)

14 
(50.0)

   51- 60  34 
(32.1)

82.66 ± 
33.62

24 
(70.6)

10 
(29.4)

   61- 70  34 
(32.1)

88.64 ± 
29.93

20 
(58.8)

14 
(41.2)

   71>  10 
(9.4)

84.50 ± 
22.91

  6 
(60.0)

  4 
(40.0)

a Mann Whitney U-test, b Kruskall Wallis test, c Chi-Square test
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In this study, the operation time was categorized 
as a binary variable (>90/<90 minutes). To 
investigate the risk factors affecting the operation 
time, the binary logistic regression analysis was 
first performed, which included independent risk 
factors that could affect the operation time. Using 
this model, surgeon type, acromial fat thickness, 
SLAP repair and Bankart repair, were all 
determined to be significant risk factors affecting 
the operation time. It was an expected result that 
SLAP and Bankart repairs would increase the 
operation time; we included these in the study to 
demonstrate that the binary logistic regression 
model works properly (p<0.05, p:0.001) (Table 
2). The increase in the acromial fat thickness of 
the patients was determined to have extended the 
operation time (OR= 5.75, 29.21, p<0.05). The 
BMI value, scapular fat thickness and ASA class 
were not determined to have any significant effect 
on operation time (p> 0.05) (Table 3). When the 
predictive value of the results of the regression 
model was evaluated, operation time longer 
or shorter than 90 mins was determined to be 
predictive at 87.4%.

Table 2. Surgical procedures.

Description  Cases 
(n) (% of 
total) 

Operation 
Time 
(Mean±SD)

 Operation Time   
Class n (%)

P 
value

Procedures <90 90>

Biceps 
tenotomy

76 (71.7)  86.91 ± 
30.93

48 
(63.2)

28 
(36.8)

0.352

Tenodesis 28 (26.4)  96. 61 ± 
38.39

 15 
(53.6)

13 
(46.4)

0.391

Acromioplasty 69 (65.1)  84.71 ± 
31.07

 48 
(69.6)

21 
(30.4)

0.008

SLAP Repair 19 (17.9) 117.63 ± 
35.29

5 
(26.3)

14 
(73.7)

0.001

Bankart Repair 14 (13.2) 120.71 ± 
27.59

2 
(14.3)

12 
(85.7)

0.001

Surgeon Type 0.001

Surgeon 1 65 (61.3)  74.69 ± 
20.29

53 
(81.5)

12 
(18.5)

Surgeon 2 41 (38.7) 111.71 ± 
37.81

 11 
(26.8)

30 
(73.2)

Considering the reliability of the measurements 
taken on the preoperative MRIs, the interclass 
coefficient and intraclass coefficient values were 
found to have excellent reliability (ICC>90) in the 
scapular and acromial fat thickness values, as 
well as in the DeOrio and Cofield classification.

Table 3. Binary Logistic Regression Analysis of Factors Affecting 

Operation Time.

Operation Time P value OR

 <90 min 90> min

Acromial fat thickness  0.022

   <11.55 35 (66.0) 18 (34.0)   5.75

    11.56-14.88 17 (65.4)   9 (35.6) 29.21

     14.89> 12 (44.4) 15 (55.6)

Scapular fat thickness 0.482

   <24.58 36 (67.9) 17 (32.1)

    24.59-32.83 11 (42.3) 15 (52.7)

     32.84> 17 (63.0) 10 (37.0)

BMI Index 0.127

    <25 15 (71.4)  6 (28.6)

    26-30 30 (53.6) 26 (46.4) 5.51

    31> 17 (65.4)   9 (34.6) 1.51

ASA Class 0.581

    1 13 (48.1) 14 (51.9)

    2 50 (64.1) 28 (35.9) 0.42

    3   1 (100.0)   0 (0.0) 0.00

Reference class in Binary Logistic Regression. Bold values are statistically 

significant (p <0.05).

Discussion

The most important finding of this study was that 
an increase in acromial fat thickness significantly 
prolonged the operating time (OR=5.7, p<0.05) 
(Figure 3). Several studies have reported that 
increased fat thickness in the surgical area 
increased infection locally [1,4,5]. It has been 
reported that for every 1 mm increase in lumbar 
region adipose tissue thickness, the risk of 
infection in the operated area increases by 6% 
[5]. In similar studies, an increase in fat tissue 
thickness in the operation region has also been 
reported to increase the rate of postoperative 
infection [2]. Another significant factor increasing 
postoperative infection in the operation region 
is the operation time [12]. There are other 
studies in the literature which have also shown 
that an increase in fat tissue thickness leads to 
more infection and the reason for this could be 
prolonged operating time [3-5]. However, no study 
could be found that aimed to research the effect 
of fat tissue thickness on operating time in rotator 
cuff surgery. 
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Figure 3. As the acromial fat thickness increases, so the rate of operations 
lasting longer than 90 minutes increases.

In addition to infection, an increase in operating 
time in shoulder operations may also cause other 
complications. Rotator cuff operations lasting 
longer than 90 mins have been shown to prolong 
the postoperative length of stay in the hospital 
[13]. In the current study, it was found that the 
operation time exceeded 90 minutes in more than 
half of the patients with an acromial fat thickness 
greater than 14.89 mm (Figure 3). Agarwalla A. 
et al. reported that every increase of 15 mins in 
operating time led to postoperative transfusion, 
pulmonary embolism, surgical site infection and 
prolonged postoperative stay in hospital [14]. As 
in the current study, it was reported that each of 
the concomitant procedures (biceps tenotomy, 
tenodesis, acromioplasty, SLAP repair and 
Bankart repair) increased operating time, however 
it was concluded that none of these concomitant 
procedures increased complications in the short 
term [14]. When publications related to the 
duration of shoulder operations were examined, 
the mean operating time in the current study of 
89±33 mins was found to be consistent with the 
findings of those studies [13,14].

Another important finding of the current study was 
that while an increase in the acromial fat thickness 
in the operation area was observed to increase 
operating time, scapular fat thickness and BMI 
had no significant effect. Similarly, Wagner R.A. 
et al. found that prepatellar fat thickness had a 
greater effect than BMI in the determination of 
the risk of postoperative infection [2]. In several 
studies that have examined the relationship 
between fat tissue thickness and complications, 
fat tissue thickness has been reported to be a 
better predictor of complications than BMI [1,3]. 

The reason for the lower predictive power of BMI 
than fat tissue thickness is that BMI is not always 
related to body fat mass and the distribution of 
body fat varies according to age, gender, race 
and genetic factors [15]. Therefore, the surgical 
area fat tissue thickness may not be the same in 
different individuals with the same height, weight 
and body fat ratio.

It can be estimated that the increase in the 
thickness of the adipose tissue prolongs the 
operation time, such as difficulty in orientation to 
the surgical field, difficulty in exposure, difficulty 
in using the cannula and difficulty in applying 
anchors, however the increase in the severity of 
existing tendon pathologies due to metabolic and 
genetic reasons in individuals with increased fat 
tissue thickness, is one of the factors affecting 
the operation time. Whole body MRI studies 
have shown that the thickness of the fat tissue in 
the shoulder and neck region of individuals with 
insulin-resistant diabetes is increased compared 
to individuals without insulin resistance [16]. A 
systematic review on this subject concluded that 
an increase in adiposity increased the frequency 
of tendon injuries, and further studies were 
recommended [17]. However, in the current study, 
when the acromial and scapular fat thickness 
values of the patients were compared with the 
DeOrio and Cofield classification of rotator cuff 
tears, no significant correlation was determined 
(p>0.05). In another study of 298 cases, the 
relationship between asymptomatic Achilles 
tendon pathologies and fat tissue distribution 
was investigated. Achilles tendon pathology 
was seen more frequently in males of advanced 
age with central fat tissue distribution, and in 
postmenopausal females with peripheral fat 
distribution. The condition seen in males was 
explained with mechanical reasons, but in the 
paradoxical condition formed in females, it was 
stated that the hormonal infrastructure and the 
change in postmenopausal estrogen level could 
both account for changes in fat tissue distribution 
and lead to tendon pathologies [18]. The results 
obtained in the current study are consistent with 
these findings. The acromial and scapular fat 
thickness values of the females with rotator cuff 
tear were found to be statistically significantly 
higher than those of the male patients (p<0.05) 
and this finding is consistent with the study 
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investigating the fat signal distribution in the 
muscle. In that study, the fat fraction within the 
muscles in some muscles around the shoulder 
was found to be higher in women than in men [19].

In addition to increased postoperative 
complications, another disadvantage of prolonged 
operating time is the longer use of the operating 
theater and personnel, which both increase 
the costs of the operation [7]. According to the 
Healthcare Cost and Utilization Project (HCUP), 
operating rooms are the costliest units in a 
hospital [6]. The knowledge that the adipose tissue 
thickness affects the operation time, provides a 
better estimation of the operative time, thus a 
more accurate schedule can be prepared and the 
operating rooms can be used more efficiently. In 
addition, the appropriate operating room program 
will shorten patient waiting times. A study published 
in 2010 showed that 15% of the reasons for 
patient dissatisfaction were due to prolonged wait 
times [8]. In the literature related to the estimation 
of the operation time, patient age, BMI, primary 
surgery, secondary procedures and surgeon type 
data were taken into consideration [9,10,20]. In a 
comprehensive study in which these factors were 
used in a multi-regression model in different types 
of surgery, it was stated that 80% of the surgical 
time was correctly estimated in the applied model 
[21]. In the multivariate regression model of the 
current study, in which fat tissue thickness was 
added to these factors, the results were able to 
predict the probability of the operation being over 
or under 90 minutes at 87.4%.

The main limitation of this study was the 
retrospective design. The relatively small size 
of the sample and the fact that it was not a 
multicenter study were also limiting factors. In 
addition, operation time in the literature has 
been separated into operation room duration and 
surgery time. However, in our hospital records, 
surgical time was not recorded separately, so the 
operating room time was used as the operation 
time in this study.

Conclusion

In conclusion, adipose tissue thickness in the 
surgical area is one of the factors affecting 
operation time. For shoulder surgery patients, these 
values can be easily measured on preoperative 

MRIs. Thus, the risk of a prolonged operation 
and associated complications can be predicted, 
and a more accurate schedule can be prepared 
with more efficient use of the operating rooms. In 
addition, it should be considered that tendinous 
pathologies may be more common in individuals 
with increased adipose tissue thickness, and thus 
contribute to prolonging the operation time.

Conflict of Interest: The author declares no 
conflict of interest related to this article. 

Funding sources: The author declares that this 
study has received no financial support.

Ethics Committee Approval: Nevsehir 
Hacı Bektas Veli Universitesi, 19.02.2021 
ve 2100005068./ Nevsehir Hacı Bektas Veli 
University, 19.02.2021 and 2100005068

ORCID and Author contribution: SA (0000-0001-
8873-1358): Concept and design, experimental 
model, data collection and processing, analysis 
and interpretation, literature search, writing, 
supervision and critical review. SA (0000-0002-
7934-7730): Concept and design, radiological 
measurements, writing and inter-pretation, and 
critical review. DD (0000-0002-4561-2428): 
writing and interpretation, and critical review. 
SH(0000-0002-3639-0229):Experimental analysis 
and interpretation. HZ (0000-0003-1525-9966): 
Experimental analysis and interpretation. DC 
(0000-0002-8139-8780): Concept and design, 
writing and interpretation and critical review.

Peer-review: Externally peer-reviewed.

Acknowledgement: We thank Nilgün Özgül 
Celebi for her contributions to the statistical 
calculations of the study. Hacettepe University: 
Ankara, Çankaya, Orcid: 0000-0003-0331-9044

REFERENCES
1. Lee JJ, Odeh KI, Holcombe SA, Patel RD, Wang SC et al. Fat Thickness as a Risk 

Factor for Infection in Lumbar Spine Surgery. Orthopedics. 2016;39(6):e1124-e1128. 
doi:10.3928/01477447-20160819-05

2. Wagner RA, Hogan SP, Burge JR, Bates CM, Sanchez HB. The Radiographic Prepa-
tellar Fat Thickness Ratio Correlates With Infection Risk After Total Knee Arthroplasty. J 
Arthroplasty. 2018;33(7):2251-2255. doi:10.1016/j.arth.2018.02.022

3. Mehta AI, Babu R, Sharma R, Karikari IO, Grunch BH, Owens TR et al. Thickness of 
subcutaneous fat as a risk factor for infection in cervical spine fusion surgery. J Bone 
Joint Surg Am. 2013;95(4):323-328. doi:10.2106/JBJS.L.00225

4. Vaidya R, Carp J, Bartol S, Ouellette N, Lee S, Sethi A. Lumbar spine fusion in obese 
and morbidly obese patients. Spine (Phila Pa 1976). 2009;34(5):495-500. doi:10.1097/
BRS.0b013e318198c5f2

5. Mehta AI, Babu R, Karikari IO, Grunch B, Agarwal VJ, Owens TR, et al. 2012 Young 
Investigator Award winner: The distribution of body mass as a significant risk factor 
for lumbar spinal fusion postoperative infections. Spine, 37(19), 1652–1656. https://doi.



Acta Medica Alanya 2022:6:2 132

Akti S  Et al.  Adipose tissue thickness and duration of rotator cuff operations.

org/10.1097/BRS.0b013e318241b186

6. Weiss AJ, Elixhauser A, Andrews RM. Characteristics of Operating Room Procedures in 
U.S. Hospitals, 2011: Statistical Brief #170. In: Healthcare Cost and Utilization Project 
(HCUP) Statistical Briefs. Rockville (MD): Agency for Healthcare Research and Quality 
(US); February 2014.

7. Curry EJ, Logan C, Suslavich K, Whitlock K, Berkson E, Matzkin E. Factors impact-
ing arthroscopic rotator cuff repair operational throughput time at an ambulatory care 
center. Orthop Rev (Pavia). 2018;10(1):7577. Published 2018 Mar 29. doi:10.4081/
or.2018.7577

8. Lee AV, Moriarty JP, Borgstrom C, Horwitz LI. What can we learn from patient dissatis-
faction? An analysis of dissatisfying events at an academic medical center. J Hosp Med. 
2010;5(9):514-520. doi:10.1002/jhm.861

9. Wu A, Huang CC, Weaver MJ, Urman RD. Use of Historical Surgical Times to Predict 
Duration of Primary Total Knee Arthroplasty. J Arthroplasty. 2016;31(12):2768-2772. 
doi:10.1016/j.arth.2016.05.038

10. Strum DP, Sampson AR, May JH, Vargas LG. Surgeon and type of anesthesia pre-
dict variability in surgical procedure times. Anesthesiology. 2000;92(5):1454-1466. 
doi:10.1097/00000542-200005000-00036

11. DeOrio JK, Cofield RH. Results of a second attempt at surgical repair of a failed initial 
rotator-cuff repair. J Bone Joint Surg Am. 1984;66(4):563-567.

12. Teo BJX, Yeo W, Chong HC, Tan AHC. Surgical site infection after primary total knee ar-
throplasty is associated with a longer duration of surgery [published correction appears 
in J Orthop Surg (Hong Kong). 2019 Jan-Apr;27(1):2309499019831607]. J Orthop Surg 
(Hong Kong). 2018;26(2):2309499018785647. doi:10.1177/2309499018785647

13. Boddapati V, Fu MC, Schairer WW, Ranawat AS, Dines DM, Taylor SA et al. Increased 
Shoulder Arthroscopy Time Is Associated With Overnight Hospital Stay and Surgical 
Site Infection. Arthroscopy. 2018;34(2):363-368. doi:10.1016/j.arthro.2017.08.243

14. Agarwalla A, Gowd AK, Yao K, Bohl DD, Amin NH, Verma NN et al. A 15-Minute Incre-
mental Increase in Operative Duration Is Associated With an Additional Risk of Com-
plications Within 30 Days After Arthroscopic Rotator Cuff Repair. Orthop J Sports Med. 
2019;7(7):2325967119860752. Published 2019 Jul 31. doi:10.1177/2325967119860752

15. Guglielmi V, Sbraccia P. Obesity phenotypes: depot-differences in adipose tissue and 
their clinical implications. Eat Weight Disord. 2018;23(1):3-14. doi:10.1007/s40519-017-
0467-9

16. Machann J, Thamer C, Schnoedt B, et al. Standardized assessment of whole body 
adipose tissue topography by MRI. J Magn Reson Imaging. 2005;21(4):455-462. 
doi:10.1002/jmri.20292

17. Gaida JE, Ashe MC, Bass SL, Cook JL. Is adiposity an under-recognized risk factor for 
tendinopathy? A systematic review. Arthritis Rheum. 2009;61(6):840-849. doi:10.1002/
art.24518

18. Gaida JE, Alfredson H, Kiss ZS, Bass SL, Cook JL. Asymptomatic Achilles tendon pa-
thology is associated with a central fat distribution in men and a peripheral fat distribu-
tion in women: a cross sectional study of 298 individuals. BMC Musculoskelet Disord. 
2010;11:41. Published 2010 Mar 2. doi:10.1186/1471-2474-11-41

19. Kälin PS, Crawford RJ, Marcon M, et al. Shoulder muscle volume and fat content in 
healthy adult volunteers: quantification with DIXON MRI to determine the influence 
of demographics and handedness. Skeletal Radiology. 2018;47(10):1393-1402. DOI: 
10.1007/s00256-018-2945-1. PMID: 29687149.

20. Bravo F, Levi R, Ferrari LR, McManus ML. The nature and sources of variability in 
pediatric surgical case duration. Paediatr Anaesth. 2015;25(10):999-1006. doi:10.1111/
pan.12709

21. Alamad, R. A.  Surgery Duration Estimation Using Multi-regression Model (Doctoral 
dissertation, University of Akron). Thesis 2017


