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The literature concerning resident involvement in shoulder surgery is limited. The purpose of this study was to examine whether
resident involvement across all orthopedic shoulder surgeries is associated with adverse 30-day outcomes. Utilizing the American
College of Surgeons National Surgical Quality Improvement Program database, patients who underwent shoulder surgery with or
without a resident present were analyzed. Independent ¢-test and chi-square or Fischer’s exact test were used appropriately. A
logistic regression model was used to calculate adjusted odds ratios. This study examined 5,648 patients: 3,455 patients in the
“Attending alone” group and 2,193 in the “Attending and resident in the operating room” group. Resident presence in the
operating room was not associated with increased complications, except for bleeding transfusions (OR 1.71, CI 1.32-2.21,
P <0.001). This study demonstrates that resident involvement in orthopedic shoulder surgery does not present an increased risk

for 30-day complications when compared to surgeries performed with the attending surgeon alone.

1. Introduction

Orthopedic surgery residency is held to the highest standard
of knowledge and expertise. Utilizing a structure focused on
graduated responsibility and procedural competency, or-
thopedic residents are trained to be proficient in the pre-
vention, diagnosis, and treatment of musculoskeletal injuries
and diseases [1]. Resident education, however, is not without
its challenges. In a survey of 12 program directors or chairs,
Laporte et al. highlighted the major issues in orthopedic
resident training as the following: loss of professionalism,
too much emphasis on procedures, lack of clinical experi-
ence, and external oversight [2]. These issues may leave
residents unprepared when it comes to accepting the full
responsibilities of an attending physician. Furthermore,
residency program requirements are evolving, with residents
working less hours to avoid burnout while also handling
increasingly complex cases [2-5]. In an editorial com-
mentary for Arthroscopy: The Journal of Arthroscopic and
Related Surgery, Nikhil Verma noted that attending

physicians struggle with balancing patient care, efficiency,
and resident education [6]. With the increasing complexity
of orthopedic surgery, it is becoming more difficult to im-
plement the principles of graduated responsibility, limiting
the experience available for resident training.

Much of the concern with resident involvement in
surgery stems from the patient’s perspective. In a 2001 study
by Cowles et al., one-third of general surgery patients did not
want residents involved in their surgery, while majority of
the remaining participants expressed that they would only
want residents involved in minor procedures [7]. In an
observational study, Versluis and van der Linden examined
patient attitudes towards resident involvement in gyneco-
logical surgery and found that patients have less confidence
in less experienced residents even when supervised by an
attending, as well as less confidence in all residents operating
without supervision (P <0.001) [8]. Looking at orthopedic
surgery, Nahhas et al. found that 94.1% of survey re-
spondents believed that residents should perform surgery as
part of their training, yet 39.7% were not satisfied with
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a second-year resident assisting in their surgery. In addition,
92.2% felt that resident involvement should be disclosed to
the patient [9].

Despite the challenges facing orthopedic surgery resi-
dents and patient concerns toward resident involvement in
surgery, several studies have shown that resident partici-
pation in orthopedic surgery does not significantly impact
a number of surgical and medical outcomes [3-6, 10-33].
While previous studies have documented the outcomes of
resident involvement in hip [11, 15, 22], knee [12, 27, 30],
spine [10, 21], and trauma surgery [34], few have looked at
the outcomes of shoulder surgery with resident involvement.
Of these studies, only bicep tenodesis [20], shoulder stabi-
lization [35], shoulder arthroscopy [3, 13, 18], and total
shoulder arthroplasty (TSA) [19, 36] have been examined. In
reviewing the available orthopedic literature, no study has
investigated the impact of resident involvement across all
types of shoulder surgeries.

The purpose of this study was to examine the impact of
resident involvement in all orthopedic shoulder surgeries
using The American College of Surgeons National Surgical
Quality Improvement (ACS-NSQIP) database.

2. Methods

2.1. Data Source. The American College of Surgeons Na-
tional Surgical Quality Improvement Program (ACS-
NSQIP) is a national, validated, risk-adjusted, and pro-
spectively maintained surgical outcomes registry that con-
tains more than 240 clinical variables including preoperative
patient characteristics, intraoperative variables, and 30-day
postoperative outcomes. The NSQIP database allows for
high-powered, retrospective analyses over a wide array of
surgical procedures using Current Procedural Terminology
(CPT) codes. In addition, the NSQIP database has been
deemed more accurate than other surgical complications
databases and those based on insurance claims, as well as
surgical mortality and morbidity conferences [37-39].

2.2. Data Collection. Using CPT codes 23000-23929, a ret-
rospective review using the NSQIP database was conducted
to identify all cases of orthopedic shoulder surgery between
2010 and 2012. Shoulder surgery cases based on CPT codes
included incision procedures, excision procedures, in-
troduction or removal procedures, repairs, revisions, re-
constructions, fractures, dislocations, manipulations,
arthrodesis, and amputations. This resulted in 5,648 cases for
analysis. These cases were divided and analyzed based on
resident presence in the operating room. The “ATTEND”
variable was used to determine the two cohorts: “Attending
alone” and “Attending and resident in operating room.”
Patient demographics were defined by age, body mass
index (BMI), sex, race, and ethnicity. The comorbidities
analyzed included >10% body weight loss in <6 months,
ascites, bleeding disorders, congestive heart failure (CHF),
chronic obstructive pulmonary disease (COPD), current
smoker, diabetes, currently on dialysis, disseminated cancer,
dyspnea, alcoholism defined as drinking >2 alcoholic drinks
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per day, functional status, hypertension, rest pain/gangrene,
and exogenous steroid use. Operative characteristics in-
cluded American Society of Anesthesiologists (ASA) clas-
sification, emergency case, blood transfusions >4U of
packed red blood cells (PRBC’s), and total operation time.

Outcomes were divided into medical complications,
surgical complications, and other complications. Medical
complications consisted of acute renal failure, bleeding
transfusion, cardiac arrest, cerebrovascular attack (CVA)/
stroke, deep vein thrombosis/thrombophlebitis, myocardial
infarction, peripheral nerve injury, pneumonia, progressive
renal insufficiency, pulmonary embolism, sepsis, septic
shock, unplanned intubation, urinary tract infection, and
being on a ventilator for >48 hours. Surgical complications
included deep surgical site infections (SSI), organ/space SSI,
superficial SSI, wound dehiscence, and wound occurrences.
Other complications included any readmission, inpatient
stay >30days, return to the operating room, unplanned
readmission, and unplanned reoperation.

2.3. Statistical Analysis. Demographics, comorbidities, op-
erative characteristics, and outcomes were analyzed using
descriptive and comparative statistics. For continuous var-
iables, an independent samples t-test was used. For cate-
gorical variables, Pearson’s chi-square or Fischer’s exact test
were used appropriately. Propensity scores, categorized into
quintiles, were used for risk adjustment to control for
baseline differences in the cohort prior to surgery. The lo-
gistic regression model used the propensity score quintile
and attending presence as the predictor variables to calculate
the adjusted odds ratio for outcomes. All statistical analysis
was performed using the Statistical Package for Social Sci-
ences (SPSS) 26, and statistical significance was set at an
alpha level of 0.05.

3. Results

Review of the NSQIP database for all orthopedic shoulder
surgeries yielded 5,648 cases. Dividing these cases based on
resident presence resulted in 3,455 cases for “Attending
alone” and 2,193 cases for “Attending and resident in op-
erating room” groups.

Patient demographics between the two cohorts differed
significantly in race and ethnicity. Residents were less likely
to be present for operations on patients who were White
(Attending alone 82.5% vs Resident present 76.3%), Native
American or Alaskan (Attending alone 0.7% vs Resident
present 0.4%), and Native Hawaiian or Pacific Islander
(Attending alone 0.2% vs Resident present 0.0%), but more
likely to be present for patients who were Black (Attending
alone 3.3% vs Resident present 4.8%) or “Other” race
(Attending alone 12.6% vs Resident present 17.7%)
(P<0.001), as well as patients who were non-Hispanic
(Attending alone 93.5% vs Resident present 97.6%,
P <0.001). Regarding comorbidities, residents were signif-
icantly more likely to be present in the operating room for
patients who had a >10% loss in body weight in less than
6months (P =0.05), bleeding disorders (P =0.045),
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congestive heart failure (CHF) (P = 0.021), disseminated
cancer (P<0.001), partially dependent functional status
(P <0.001), and history of steroid use for chronic conditions
(P<0.001), but significantly less likely to be present for
patients who had dyspnea (P = 0.04) (Table 1). There were
no demographic differences between groups after stratifi-
cation of propensity scores. Further, residents were more
likely to be present in cases that were classified as emer-
gencies (P < 0.001) and resident involvement also resulted in
significantly longer operative times (92.3+52.3 vs
111.2+70.1, P<0.001). Both remained significant after
propensity score stratification (Emergency Case: P <0.001,
Total Operation Time: P <0.001) (Table 2).

In the analysis of operative outcomes, with propensity
score adjustment in a logistic regression model, resident
presence was associated with a significantly increased
number of bleeding transfusions (OR 1.71, CI=1.32-2.21,
P <0.001). Resident presence in the operating room was not
associated with any other medical, surgical, or other com-
plication (Table 3).

4. Discussion

Using the nationwide, high-quality NSQIP database from
the American College of Surgeons, this study is the first to
analyze the impact of resident involvement in all orthopedic
shoulder surgeries. Analysis of 5,648 patients demonstrated
that resident presence in the operating room during or-
thopedic shoulder surgery does not significantly impact
overall 30-day outcomes. This agrees with previous studies
across various divisions of orthopedic surgery, including
shoulder, knee, hip, spine, and trauma [3-6, 10-33]. Ad-
ditionally, this study agrees with the well-documented
conclusion that resident presence increases operation time
[3, 4, 13, 15-17, 21, 22, 25, 29, 31, 33, 35].

Few studies have examined resident impact on post-
operative outcomes in orthopedic shoulder surgery. In
a similar study examining resident involvement in shoulder
arthroscopy, Basques et al. found the overall rate of adverse
events to be 1.09%. Interestingly, and in disagreement with
other studies and the present study, Basques et al. found no
increase in operation time with resident participation [18].
Also, examining shoulder arthroscopy, Gulbrandsen et al.
used a propensity-matched analysis to demonstrate that
there was no difference in the overall rate of 30-day com-
plications in the resident versus nonresident group
(P =0.576) [13]. Jovan et al. illustrated no significant in-
crease in 30-day postoperative outcomes when examining
resident involvement in shoulder stabilization surgery [35].
Pugely et al. conducted a retrospective study investigating
resident impact on short-term outcomes in various ortho-
pedic surgeries. Grouping basic arthroscopy of the shoulder
and knee, as well as advanced arthroscopy in rotator cuff
repairs and anterior cruciate ligament (ACL) re-
constructions, the authors found no difference in mortality
(basic arthroscopy OR=3.41, CI=0.75-15.46, P >0.05;
advanced arthroscopy OR=N/A) or any morbidity (basic
arthroscopy OR=0.84, CI=0.60-1.17, P >0.05; advanced
arthroscopy OR=0.78, CI=0.44-1.34. P>0.05) [3].

Looking at postoperative complications after TSA, Cveta-
novich et al. found an insignificant decrease in overall rate of
30-day complications when a resident was involved (2.60%)
versus attending only (3.91%) (P = 0.173) [19]. The “July
Effect” is an assumed risk to patients that correlates with new
medical school graduates entering residency training. A 2017
study by Rao et al. found no evidence for the “July Effect” in
TSA, demonstrating that resident involvement did not in-
crease risk of complications [36].

The present study demonstrates that resident presence
in orthopedic shoulder surgeries does not have a signifi-
cant impact in short-term postoperative outcomes other
than an increase in blood transfusions in the resident
group (OR 1.71, P<0.001). Due to the limitations of the
NSQIP database, it is not possible to attribute the need for
increased blood transfusions in the resident group to any
particular cause. However, this outcome is likely multi-
factorial. Increased need for blood transfusions may be
attributed to the fact that that residents were also more
likely to be present in emergency cases (P <0.001), longer
operations (P <0.001), and for operations on patients who
have bleeding disorders (P = 0.045). Additionally, resi-
dents may be more involved in operations of increased
complexity, such as TSA and reverse TSA (rTSA), as
attendings are likely to need assistance. The need for blood
transfusions following shoulder arthroplasty has a re-
ported range of 3.9%-43% [40-46]. Further, postoperative
hematoma formation is one of the most common com-
plications of rTSA [47, 48]. For a variety of potential
reasons, the findings in this study highlight the need for
careful consideration of blood management in procedures
in which a resident is involved. However, minimizing
blood loss is an important consideration for any surgical
procedure and focused attention should still be given to
potential blood loss in all operations, regardless of the
personnel involved. This study otherwise illustrates that
resident involvement in orthopedic shoulder surgery
presents an overall low risk regarding 30-day post-
operative outcomes.

Much of the discussion regarding resident in-
volvement in surgical procedures is based on patient
concern [7-9]. This study provides reassurance to patients
planning to undergo orthopedic shoulder surgery who are
concerned about resident involvement in their surgery.
This study, among other studies demonstrating similar
findings, can be a counseling aid for physicians faced with
apprehensive patients. Additionally, the findings of this
paper argue in favor of resident participation in shoulder
surgery and illustrate that orthopedic residency training is
accomplishing what it aims to in creating competent
surgeons.

The present study is not without limitations, several of
which are inherent to the NSQIP database. First, NSQIP only
records 30-day outcomes. Consequently, complications
occurring more than 30 days after the index operation could
not be determined, and the present study may under-
represent the overall mortality and morbidity regarding
resident involvement in orthopedic shoulder surgery. Sec-
ond, postgraduate year for residents was underreported in
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TaBLE 1: Demographic data and comorbidities in 5,648 patients treated with orthopedic shoulder surgery in 2010-2012, categorized by
resident presence.

Resident present

Variable No (3455 patients) Yes (2193 patients) P value
Value % Value %

Demographic
Age in yrs, mean + SD 59.9+15.6 59.4+16.9 0.229
BMI in kg/mz, mean + SD 29.6+8.1 28.8+8.2 0.958
Sex 0.444

Male 1770 51.3 1042 47.6
Female 1680 48.7 1146 52.4

Race* <0.001
Asian 24 0.7 16 0.7
Black 115 3.3 106 4.8
Native American or Alaskan 25 0.7 9 0.4
Native Hawaiian or Pacific Islander 6 0.2 0 0.0
White 2851 82.5 1673 76.3
Other 434 12.6 389 17.7

Ethnicity* <0.001
Hispanic 224 6.5 52 2.4
Non-Hispanic 3231 93.5 2141 97.6

Comorbidities
>10% loss body weight in <6 mo* 5 0.1 9 0.4 0.050
Ascites 0 0.0 2 0.1 0.076
Bleeding disorders™ 88 2.5 76 3.5 0.045
CHF* 3 0.1 8 0.4 0.021
COPD 159 4.6 89 4.1 0.331
Current smoker 601 17.4 396 18.1 0.525
Diabetes 512 14.8 310 14.1 0.478
Dialysis 14 0.4 11 0.5 0.595
Disseminated cancer* 13 04 36 1.6 <0.001
Dyspnea* 250 7.2 128 5.8 0.040
EtOH >2 drinks/day 126 3.6 70 3.2 0.363
Functional status (partially dependent)* 96 2.8 107 4.9 <0.001
Hypertension 1759 50.9 1101 50.2 0.605
Rest pain/Gangrene 3 0.1 2 0.1 0.957
Steroid use* 86 2.5 94 4.3 <0.001

BMI =body mass index; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease. *Denotes significant difference between cohorts
(P <0.05).

TaBLE 2: Operative characteristics in 5,648 patients treated with shoulder surgery in 2010-2012, categorized by resident presence.

Resident present

Operative variable No (3455 patients) Yes (2193 patients) P value
Value % Value %
ASA classification 0.247
Class 1, no disturbance 395 11.5 226 10.3
Class 2, mild disturbance 1708 49.5 1147 52.3
Class 3, severe disturbance 1256 36.4 770 35.1
Class 4, life threatening disturbance 89 2.6 50 2.3
Class 5, moribund 1 <0.1 0 0.0
Emergency case” 102 3.0 110 5.0 <0.001
Transfusion >4 U PRBC’s 72 hr preoperative 16 0.5 18 0.8 0.090
Total operation time in min, mean + SD* 92.3+52.3 111.3+70.1 <0.001

ASA = American Society of Anesthesiologists, PRBC’s = packed red blood cells. *Denotes significant difference between cohorts (P <0.05).

the NSQIP database, resulting in exclusion of the PGY  There could be other confounders during perioperative care
variable in this study. This could introduce bias if PGY was ~ which could alter the results of this study. Also, the NSQIP
positively or negatively skewed. Third, NSQIP does not  database lacks data on the involvement of other healthcare
determine the degree of resident involvement in patient care. ~ professionals (i.e., nurses, personal care assistants,
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TaBLE 3: Postoperative outcomes in 5,648 patients treated with shoulder surgery in 2010-2012, categorized by resident presence.
Resident present
Outcome (3455 I;;)tients) Yes (2193 patients) OR CI P value
Value % Value %

Medical complications
Acute renal failure 2 0.1 1 <0.01 1.10 0.10-12.33 0.939
Bleeding transfusion* 120 3.5 132 6.0 1.71 1.32-2.21 <0.001
Cardiac arrest 5 0.1 0 0.0 0.00 0.00 0.986
CVA/Stroke 5 0.1 2 0.1 0.64 0.12-3.34 0.599
DVT/thrombophlebitis 17 0.5 9 0.4 0.77 0.34-1.75 0.534
Myocardial infarction 5 0.1 3 0.1 0.80 1.88-3.39 0.762
Peripheral nerve injury 4 0.1 6 0.3 2.44 0.68-8.70 0.169
Pneumonia 19 0.5 11 0.5 0.88 0.42-1.87 0.742
Progressive renal insufficiency 2 0.1 2 0.1 1.48 0.20-10.76 0.701
Pulmonary embolism 9 0.3 8 0.4 1.42 0.54-3.73 0.475
Sepsis 9 0.3 7 0.3 1.04 0.38-2.83 0.936
Septic shock 2 0.1 2 0.1 1.59 0.22-11.48 0.647
Unplanned intubation 9 0.3 2 0.1 0.36 0.08-1.68 0.194
Urinary tract infection 26 0.8 15 0.7 0.94 0.49-1.79 0.845
Ventilator >48 hrs 5 0.1 2 0.1 0.56 0.11-2.93 0.489

Surgical complications
Deep SSI 8 0.2 6 0.3 0.98 0.34-2.86 0.976
Organ/space SSI 11 0.3 5 0.2 0.68 0.23-1.97 0.478
Superficial SSI 10 0.3 9 0.4 1.37 0.55-3.41 0.493
Wound dehiscence 5 0.1 4 0.2 1.27 0.34-4.80 0.723
Wound occurrences 10 0.3 9 0.4 1.37 0.55-3.41 0.493

Other complications
Any readmission 28 1.4 30 21 1.44 0.85-2.44 0.172
In hospital >30 days 3 0.2 0 0 0.00 0.00 0.988
Return to OR 49 1.4 28 1.3 0.83 0.51-1.32 0.426
Unplanned readmission 26 1.3 26 1.8 1.32 0.76-2.30 0.324
Unplanned reoperation 10 0.5 8 0.6 1.07 0.42-2.73 0.895

CVA =cerebrovascular attack, DVT =deep vein thrombosis, SSI =surgical site infection. *Denotes significant difference between cohorts (P <0.05).

pharmacists, etc.), who could potentially affect patient
outcomes. Additionally, we examined all shoulder surgeries
under a single cohort in order to analyze a broad category of
residency training. This study is, therefore, unable to assess
differences among specific procedures. Few other studies
have assessed surgical subtypes, and this may continue to be
an area of focus for future research. Lastly, the present study
is retrospective and, despite using propensity scores to adjust
for potential confounders, other uncontrolled variables may
differ between groups and introduce bias. The limitations of
this study coincide with those of similar studies which have
examined resident involvement in various surgical
specialties.

5. Conclusion

Focused on the ideal of graduated responsibility, it is im-
perative that residents in orthopedic surgery receive high-
quality, rigorous training. Residents are expected to be
excellent diagnosticians and procedurally competent phy-
sicians by the time they are ready to move on to the next tier
of their career. Still, many people in the general public have
expressed concern with resident involvement in their sur-
geries. This study compared 30-day outcomes between
“Attending alone” and “Attending and resident in the

operating room” groups in all orthopedic shoulder surgeries.
Using a propensity score adjusted logistic regression, no
association was found between resident involvement and
increased occurrence of all 30-day complications, except for
bleeding transfusions (P <0.001). The results of this study
demonstrate an overall low risk for 30-day complications
from resident involvement in all orthopedic shoulder sur-
geries. These findings may be used as an educational tool to
counsel patients who are concerned about resident in-
volvement in their orthopedic shoulder surgery.

Data Availability

The data that support these findings are housed with the
American College of Surgeons. Data are available in de-
identified fashion to participants of the NSQIP Transplant
Program.

Additional Points

Statement of Clinical Significance. This manuscript high-
lights an important issue in the patient-physician re-
lationship and may be used as a tool to build trust and
counsel patients who may be hesitant in having residents
involved in their care.



Disclosure

This manuscript was presented as a poster at the New
England Chapter of the American College of Sports Med-
icine Fall conference in 2022.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

AM and RF contributed to research design, performed data
analysis, performed data interpretation, contributed to
manuscript writing and editing, and contributed to final
approval of the manuscript. KM contributed to research
design, performed data analysis, performed data in-
terpretation, contributed to manuscript writing and editing,
contributed to final approval of the manuscript, and per-
formed project supervision.

References

(1]
(2]

(5]

(9]

(10]

L. M. Gehrig, “Orthopedic surgery,” The American Journal of
Surgery, vol. 202, no. 3, pp. 364-368, 2011.

D. M. LaPorte, P. Tornetta, and J. L. Marsh, “Challenges to
orthopaedic resident education,” Journal of the American
Academy of Orthopaedic Surgeons, vol. 27, no. 12, pp. 419-425,
2019.

A. J. Pugely, Y. Gao, C. T. Martin, J. J. Callaghan,
S. L. Weinstein, and L. J. Marsh, “The effect of resident
participation on short-term outcomes after orthopaedic
surgery,” Clinical Orthopaedics and Related Research, vol. 472,
no. 7, pp. 2290-2300, 2014.

L. Giordano, A. Oliviero, G. M. Peretti, and N. Maftulli, “The
presence of residents during orthopedic operation exerts no
negative influence on outcome,” British Medical Bulletin,
vol. 130, no. 1, pp. 65-80, 2019.

C. E. Gross, D. Chang, S. B. Adams, S. G. Parekh, and
J. D. Bohnen, “Surgical resident involvement in foot and ankle
surgery,” Foot and Ankle Surgery, vol. 23, no. 4, pp. 261-267,
2017.

N.N. Verma, “Editorial commentary: resident involvement in
orthopaedic surgical procedures does not negatively impact
patients,” Arthroscopy: The Journal of Arthroscopic & Related
Surgery, vol. 36, no. 10, pp. 2696-2697, 2020.

R. A. Cowles, C. A. Moyer, S. S. Sonnad et al., “Doctor-patient
communication in surgery: attitudes and expectations of
general surgery patients about the involvement and education
of surgical residents,” Journal of the American College of
Surgeons, vol. 193, no. 1, pp. 73-80, 2001.

M. A. Versluis and P. J. van der Linden, “Patients’ attitude
towards residents’ participation during gynaecological sur-
gery,” European Journal of Obstetrics & Gynecology and Re-
productive Biology, vol. 153, no. 2, pp. 203-206, 2010.

C. R. Nahhas, P. H. Yi, C. Culvern et al., “Patient attitudes
toward resident and fellow participation in orthopedic sur-
gery,” The Journal of Arthroplasty, vol. 34, no. 9, pp. 1884-
1888.e5, 2019.

K. Phan, P. Phan, A. Stratton, S. Kingwell, M. Hoda, and
E. Wai, “Impact of resident involvement on cervical and
lumbar spine surgery outcomes,” The Spine Journal, vol. 19,
no. 12, pp. 1905-1910, 2019.

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Advances in Orthopedics

C. R. Crutchfield, J. R. Zhong, N. J. Lee, D. P. Trofa, and
T. S. Lynch, “Resident involvement in hip arthroscopy pro-
cedures does not affect short-term surgical outcomes,” Ar-
throscopy, Sports Medicine, and Rehabilitation, vol. 3, no. 5,
pp. €1367-e1376, 2021.

K. Lebedeva, D. Bryant, S. Docter, R. B. Litchfield, A. Getgood,
and R. M. Degen, “The impact of resident involvement on
surgical outcomes following anterior cruciate ligament re-
construction,” Journal of Knee Surgery, vol. 34, no. 03,
pp. 287-292, 2021.

T. R. Gulbrandsen, Z. M. Khazi, A. G. Shamrock et al., “The
impact of resident involvement on postoperative complica-
tions after shoulder arthroscopy: a propensity-matched
analysis,” JAAOS: Global Research and Reviews, vol. 4,
no. 9, p. €20.00138, 2020.

P. M. Mitchell, S. A. Gavrilova, A. C. Dodd, B. Attum,
W. T. Obremskey, and M. K. Sethi, “The impact of resident
involvement on outcomes in orthopedic trauma: an analysis
0f 20,090 cases,” Journal of Clinical Orthopaedics and Trauma,
vol. 7, no. 4, pp. 229-233, 2016.

R. Kagan, C. Hart, S. L. Hiratzka, A. J. Mirarchi, A. J. Mirza,
and D. M. Friess, “Does resident participation in the surgical
fixation of hip fractures increase operative time or affect
outcomes?” Journal of Surgical Education, vol. 78, no. 4,
pp. 1269-1274, 2021.

A. 1. Edelstein, F. C. Lovecchio, S. Saha, W. K. Hsu, and
J. Y. Kim, “Impact of resident involvement on orthopaedic
surgery outcomes: an analysis of 30,628 patients from the
American College of surgeons national surgical quality im-
provement program database,” Journal of Bone and Joint
Surgery, vol. 96, no. 15, p. el31, 2014.

B. A. Basques, B. M. Saltzman, S. S. Korber et al., “Resident
involvement in arthroscopic knee surgery is not associated
with increased short-term risk to patients,” Orthopaedic
Journal of Sports Medicine, vol. 8, no. 12, p. 232596712096746,
2020.

B. A. Basques, B. M. Saltzman, E. N. Mayer et al., “Resident
involvement in shoulder arthroscopy is not associated with
short-term risk to patients,” Orthopaedic Journal of Sports
Medicine, vol. 6, no. 12, p. 232596711881629, 2018.

G. L. Cvetanovich, W. W. Schairer, B. D. Haughom,
G. P. Nicholson, and A. A. Romeo, “Does resident in-
volvement have an impact on postoperative complications
after total shoulder arthroplasty? An analysis of 1382 cases,”
Journal of Shoulder and Elbow Surgery, vol. 24, no. 10,
pp. 1567-1573, 2015.

A.J. Schoenfeld, J. A. Serrano, B. R. Waterman, J. O. Bader,
and P. J. Belmont, “The impact of resident involvement on
post-operative morbidity and mortality following orthopaedic
procedures: a study of 43,343 cases,” Archives of Orthopaedic
and Trauma Surgery, vol. 133, no. 11, pp. 1483-1491, 2013.
N. J. Lee, P. Kothari, C. Kim et al., “The impact of resident
involvement in elective posterior cervical fusion,” Spine,
vol. 43, no. 5, pp. 316-323, 2018.

B. D. Haughom, W. W. Schairer, M. D. Hellman, P. H. Yi, and
B. R. Levine, “Resident involvement does not influence
complication after total hip arthroplasty: an analysis of 13,109
cases,” The Journal of Arthroplasty, vol. 29, no. 10,
pp. 1919-1924, 2014.

M. J. Reidy, A. Faulkner, B. Shitole, and B. Clift, “Do trainee
surgeons have an adverse effect on the outcome after total hip
arthroplasty?: a ten-year review,” The Bone & Joint Journal,
vol. 98, no. 3, pp. 301-306, 2016.



Advances in Orthopedics

(24]

(25]

(26]

[27

(28]

[29]

(30

[31

(32

(33]

(34]

(35]

(36]

(37]

M. Moran, S. L. Yap, P. Walmsley, and L. J. Brenkel, “Clinical
and radiologic outcome of total hip arthroplasty performed by
trainee compared with consultant orthopedic surgeons,” The
Journal of Arthroplasty, vol. 19, no. 7, pp. 853-857, 2004.

J. Palan, A. Gulati, J. G. Andrew, D. W. Murray, and
D. J. Beard, “The trainer, the trainee and the surgeons’ as-
sistant: clinical outcomes following total hip replacement,”
Journal of Bone and Joint Surgery British Volume, pp. 928-934,
2009.

T. Inglis, K. Dalzel, G. Hooper, A. Rothwell, and
C. Frampton, “Does orthopedic training compromise the
outcome in total hip arthroplasty?” Journal of Surgical Edu-
cation, vol. 70, no. 1, pp. 76-80, 2013.

B. D. Haughom, W. W. Schairer, M. D. Hellman, P. H. Yi, and
B. R. Levine, “Does resident involvement impact post-
operative complications following primary total knee
arthroplasty? An analysis of 24,529 cases,” The Journal of
Arthroplasty, vol. 29, no. 7, pp. 1468-1472.e2, 2014.

P. K. Louie, W. W. Schairer, B. D. Haughom, J. A. Bell,
K. J. Campbell, and B. R. Levine, “Involvement of residents
does not increase postoperative complications after open
reduction internal fixation of ankle fractures: an analysis of
3251 cases,” Journal of Foot and Ankle Surgery, vol. 56, no. 3,
pp. 492-496, 2017.

L. Theelen, C. Bischoff, B. Grimm, and I. C. Heyligers,
“Current practice of orthopaedic surgical skills training raises
performance of supervised residents in total knee arthroplasty
to levels equal to those of orthopaedic surgeons,” Perspect Med
Educ, vol. 7, no. 2, pp. 126-132, 2018.

M. H. Bao, B. J. Keeney, W. E. Moschetti, N. G. Paddock, and
D. S. Jevsevar, “Resident participation is not associated with
worse outcomes after TKA,” Clinical Orthopaedics and Re-
lated Research, vol. 476, no. 7, pp. 1375-1390, 2018.

R. Storey, C. Frampton, D. Kieser, R. Ailabouni, and
G. Hooper, “Does orthopaedic training compromise the
outcome in knee joint arthroplasty?” Journal of Surgical
Education, vol. 75, no. 5, pp. 1292-1298, 2018.

N. Beattie, J. F. Maempel, S. Roberts et al., “Surgery performed
by supervised registrars does not adversely affect medium-
term functional outcomes after total knee replacement,”
Annals of the Royal College of Surgeons of England, vol. 100,
no. 1, pp. 57-62, 2018.

A. L. Neuwirth, R. N. Stitzlein, M. G. Neuwirth, R. K. Kelz,
and S. Mehta, “Resident participation in fixation of inter-
trochanteric hip fractures: analysis of the NSQIP database,”
Journal of Bone and Joint Surgery, vol. 100, no. 2, pp. 155-164,
2018.

M. Bukur, M. B. Singer, R. Chung et al., “Influence of resident
involvement on trauma care outcomes,” Archives of Surgery,
vol. 147, no. 9, pp. 856-862, 2012.

J. D. Jovan, A. J. Marcel, K. M. Myrick, R. S. Feinn, and
T. Blaine, “Resident involvement in shoulder-stabilization
procedures is not associated with an increased risk of 30-
day postoperative complications,” Arthroscopy, Sports Med-
icine, and Rehabilitation, vol. 5, no. 4, 2023.

A. J. Rao, D. D. Bohl, R M. Frank, G. L. Cvetanovich,
G. P. Nicholson, and A. A. Romeo, “The “July effect” in total
shoulder arthroplastyJuly effect in total shoulder arthro-
plasty,” Journal of Shoulder and Elbow Surgery, vol. 26, no. 3,
pp. €59-e64, 2017.

M. M. Hutter, K. S. Rowell, L. A. Devaney et al., “Identification
of surgical complications and deaths: an assessment of the
traditional surgical morbidity and mortality conference
compared with the American College of Surgeons-National

(38]

(39]

(40]

[41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

Surgical Quality Improvement Program,” Journal of the
American College of Surgeons, vol. 203, no. 5, pp. 618-624,
2006.

D. L. Davenport, C. W. Holsapple, and J. Conigliaro,
“Assessing surgical quality using administrative and clinical
data sets: a direct comparison of the University HealthSystem
Consortium Clinical Database and the National Surgical
Quality Improvement Program data set,” American Journal of
Medical Quality, vol. 24, no. 5, pp. 395-402, 2009.

R. R. Cima, K. A. Lackore, S. A. Nehring et al., “How best to
measure surgical quality? Comparison of the agency for
healthcare research and quality patient safety indicators
(AHRQ-PSI) and the American College of surgeons national
surgical quality improvement program (ACS-NSQIP) post-
operative adverse events at a single institution,” Surgery,
vol. 150, no. 5, pp. 943-949, 2011.

P. J. Millett, M. Porramatikul, N. Chen, D. Zurakowski, and
J. J. P. Warner, “Analysis of transfusion predictors in shoulder
arthroplasty,” Journal of Bone and Joint Surgery American
Volume, vol. 88, no. 6, pp. 1223-1230, 2006.

R. A. Schumer, J. S. Chae, R. J. Markert, D. Sprott, and
L. A. Crosby, “Predicting transfusion in shoulder arthro-
plasty,” Journal of Shoulder and Elbow Surgery, vol. 19, no. 1,
pp. 91-96, 2010.

S. Ahmadi, T. M. Lawrence, S. Sahota et al., “The incidence
and risk factors for blood transfusion in revision shoulder
arthroplasty: our institution’s experience and review of the
literature,” Journal of Shoulder and Elbow Surgery, vol. 23,
no. 1, pp. 43-48, 2014.

P. J. Dacombe, J. V. Kendall, P. McCann et al., “Blood
transfusion rates following shoulder arthroplasty in a high
volume UK centre and analysis of risk factors associated with
transfusion,” Shoulder & Elbow, vol. 11, no. 2_suppl,
pp. 6772, 2019.

K. I. Gruson, K. J. Accousti, B. O. Parsons, G. Pillai, and
E. L. Flatow, “Transfusion after shoulder arthroplasty: an
analysis of rates and risk factors,” Journal of Shoulder and
Elbow Surgery, vol. 18, no. 2, pp. 225-230, 2009.

J. C. Hardy, M. Hung, B. J. Snow et al., “Blood transfusion
associated with shoulder arthroplasty,” Journal of Shoulder
and Elbow Surgery, vol. 22, no. 2, pp. 233-239, 2013.

J. W. Sperling, S. F. M. Duncan, R. H. Cofield, C. D. Schleck,
and W. S. Harmsen, “Incidence and risk factors for blood
transfusion in shoulder arthroplasty,” Journal of Shoulder and
Elbow Surgery, vol. 14, no. 6, pp. 599-601, 2005.

M. Farshad and C. Gerber, “Reverse total shoulder
arthroplasty-from the most to the least common complica-
tion,” International Orthopaedics, vol. 34, no. 8, pp. 1075-
1082, 2010.

M. A. Zumstein, M. Pinedo, J. Old, and P. Boileau, “Problems,
complications, reoperations, and revisions in reverse total
shoulder arthroplasty: a systematic review,” Journal of
Shoulder and Elbow Surgery, vol. 20, no. 1, pp. 146-157, 2011.





