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Ankle Arthroscopy Procedural Volume Is Low ®
Among Graduating Orthopaedic Surgery Residents

updates.

Suleiman Y. Sudah, M.D., Christopher Michel, M.D., Robert D. Faccone, B.S.,
Gregory Kirchner, M.D., Raymond Kim, M.D., Mariano E. Menendez, M.D., and
Glenn Gabisan, M.D.

Purpose: To evaluate graduating orthopaedic resident case volume and variability for ankle arthroscopy from 2016
to 2020. Methods: The Accreditation Council for Graduate Medical Education surgical case log data from 2016 to 2020
for graduating United States orthopaedic surgery residents was assessed. Arthroscopy procedures of the leg/ankle were
categorized. The average number of cases performed per resident was compared from 2016 to 2020 to determine the
percent change in case volume. The 10th, 30th, 50th, 70th, and 90th percentiles of case volumes from 2016 to 2020 were
presented to demonstrate case volume variability. Results: There was no significant change in the average number of leg/
ankle arthroscopy cases from 2016 to 2020 (6.2 £ 5 [range 0-35] vs 6.1 & 6 [range 0-76] P = .732), despite a 19% increase
in the average number of total leg/ankle procedures performed over time (168.4 £ 47 [range 55-414] in 2016; 200.8 &+ 57
in 2020 [range 67-601], P < .001). There was wide variability in ankle arthroscopy case volume among residents. The 90th
percentile of residents performed 13 cases in 2020, compared with 5 in 50th percentile, and 1 in the 10th percentile.
Conclusions: Orthopaedic surgery resident exposure to ankle arthroscopy has remained low and highly variable over-
time, despite an overall increase in the total number of leg/ankle procedures performed. Clinical Relevance: Under-
standing ankle arthroscopy in case volume and variability is important for programs to ensure that orthopaedic residents
are gaining adequate exposure to increasingly popular procedures. Orthopaedic surgery residency programs should

explore methods to increase resident exposure to ankle arthroscopy.

Profound changes in orthopaedic surgery residency
education have occurred in the last decade. In
2013, the Accreditation Council for Graduate Medical
Education (ACGME) implemented a new accreditation
system for graduate medical education in the United
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States," which shifted focus to the monitoring of
measurable outcomes of resident training."” Since
then, orthopaedic surgery residents have been
mandated to perform at least 1,000 surgical cases before
graduation and specified case minimum requirements
for 15 core procedural categories.’

Assessment of resident case logs have become an
important measure of procedural experience and are
frequently monitored by the ACGME to ensure
adequate procedural volume and case variety among
residents for their given year of training.” While
overall case volume among orthopaedic surgery resi-
dents has increased by 17% upon implementation of
case minimum requirements, wide variability was
present.’ Specifically, residents performing at the 90th
percentile logged twice as many cases as residents
performing at the 10th percentile.” Similar in-
consistencies have been reported in studies assessing
case volume and variability of specific orthopaedic
procedures.””'' Continued analyses are critical for
identifying procedures with growing public demand to
which graduating orthopaedic residents may have
limited exposure.'”
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Table 1. CPT Codes With Description of Arthroscopy
Procedures for the Leg/Ankle

S. Y. SUDAH ET AL.

Table 2. The Demographics of Orthopaedic Surgery ACGME
Case Log Respondents

29891  Arthroscopy, ankle, surgical, excision of osteochondral
defect of talus and/or tibia, including drilling of the
defect

Arthroscopically aided repair of large osteochondritis
dissecans lesion, talar dome fracture, or tibial plafond
fracture, with or without internal fixation (includes
arthroscopy)

Arthroscopy, ankle (tibiotalar and fibulotalar joints),
surgical; with removal of loose body or foreign body

Arthroscopy, ankle (tibiotalar and fibulotalar joints),
surgical; synovectomy, partial

Arthroscopy, ankle (tibiotalar and fibulotalar joints),
surgical; debridement, limited

Arthroscopy, ankle (tibiotalar and fibulotalar joints),
surgical; debridement, extensive

Arthroscopy, ankle (tibiotalar and fibulotalar joints),
surgical; with ankle arthrodesis

29892

29894

29895

29897

29898

29899

CPT, Current Procedural Terminology.

The incidence of ankle arthroscopy has risen consid-
erably in recent years.'”'* From 2007 to 2011, the
number of ankle arthroscopy cases increased by 11.8%,
which outpaced the growth of shoulder, knee, and
elbow arthroscopy.'® However, unlike shoulder and
knee arthroscopy, a case minimum requirement for
ankle arthroscopy among orthopaedic residents does
not exist.'” While previous studies have reported trends
in ankle arthroscopy case volume among orthopaedic
residents, these analyses were performed more than a
decade ago.”'®

The purpose of this study was to evaluate graduating
orthopaedic resident case volume and variability for
ankle arthroscopy from 2016 to 2020. We hypothesized
that case volume would remain low during this time,
despite an overall increase in the number of ankle
procedures performed. We also hypothesized wide
variability in case volume among the 10th and 90th
percentile of graduating residents.

Methods
The ACGME case log reports from 2016 to 2020 for all
graduating orthopaedic surgery residents were

reviewed in January of 2022. Residents log surgical
procedures using Current Procedural Codes (CPT). The
ACGME groups CPT codes into anatomic categories and
provides national averages for several resident-
performed procedures. Procedures include incision,
excision, intro or removal, repair/revision/reconstruc-
tion, trauma, fracture/dislocation, manipulation,
arthrodesis, amputation, arthroscopy, and other.
Anatomic categories include shoulder, humerus/elbow,
forearm/wrist, hand/fingers, pelvis/hip, femur/knee,
leg/ankle, and foot/toes. In this study, the mean num-
ber of total (adult and pediatric) arthroscopy cases
performed per resident under the leg/ankle ACGME

Total Number of Total Number of

Year Residency Programs Residents
2016 153 705
2017 156 709
2018 154 729
2019 154 725
2020 154 724

ACGME, Accreditation Council for Graduate Medical Education.

case category from 2016 to 2020 was assessed to
determine a percent change in case volume. The spe-
cific CPT codes and definitions for each arthroscopy
procedure under the leg/ankle ACGME case category
are listed in Table 1. In addition, 10th, 30th, 50th, 70th,
and 90th percentiles of case volumes from 2016 to 2020
were presented to examine case volume variability.

Comparisons of mean case volume reported per
resident were examined using unpaired 2-tailed ¢ tests.
Statistical significance was designated a P < .05. Excel
software, version 16.0 (Microsoft Corp., Redmond,
WA) was used for data input and statistical tests.

Results

The total number of orthopaedic surgery residency
programs was 153 (705 residents) in 2016, 156 (709
residents) in 2017, 154 (729 residents) in 2018, 154
(725 residents) in 2019, and 154 (724 residents) in
2020 (Table 2).

The average number of total leg/ankle procedures
performed per resident was 168.4 £+ 47 (median 163;
range 55-414) in 2016, which increased to 200.8 &+ 57
in 2020 (median 195; range 67-601), representing a
19.2% increase (P < .001) (Table 3). The average
number of leg/ankle arthroscopy procedures performed
per resident was 6.2 £ 5 (median 5; range 0-35) in
2016, which decreased to 6.1 £+ 6 in 2020 (median 5;
range 0-76), representing a 1.6% decrease (P = .732)
(Table 3). Case volume for the mean and median
number of total leg/ankle procedures and the number
of leg/ankle arthroscopy procedures performed per
resident from 2016 to 2020 are depicted in Figure 1.

There was a low level of variability in total case vol-
ume pertaining to the leg/ankle and a wide level of
variability in the number of leg/ankle arthroscopy cases
performed per resident over the study period
(Figure 2). The average number of total leg/ankle
procedures performed by the 10th and 90th percentile
of residents was 113 and 228 in 2016, representing a
1.16-fold difference, compared with 130 and 270 in
2020, representing a 1.18-fold difference (Table 4).

The average number of leg/ankle arthroscopy pro-
cedures performed by the 10th and 90th percentile of
residents was 1 and 13 in both 2016 and 2020,



Table 3. Mean Number of Leg/Ankle Arthroscopy Procedures per Graduating Orthopaedic Surgery Resident From 2016 to 2020

2017 2018 2019 2020

2016
Mean + SD Median (Range) Mean + SD Median (Range) Mean + SD Median (Range) Mean + SD Median (Range) Mean + SD Median (Range) % change P Value

Procedure
(Area)

732

—1.6%

5 (0-35) 6+5 5 (0-31) 65+ 6 5 (0-40) 65+ 6 5 (0-38) 6.1 £6 5 (0-76)

6.2+5

Arthroscopy

(leg/ankle)
Total (leg/ankle)

<.001

200.8 £ 57 195 (67-601) 19.2%

189 (63-527)

163 (55-414) 176.5 £ 47 170 (55-388) 187.3 £ 54 181 (74-452) 195.3 % 60

168.4 + 47

SD, standard deviation.
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representing a 13-fold difference, respectively (Table 4).
About 1 in 10 graduating orthopaedic surgery residents
performed only a single ankle arthroscopy case each
year, and half performed 5 cases or less (Table 4).

Discussion

In this study, we found a statistically significant in-
crease in the total number of leg/ankle procedures
performed per graduating orthopaedic surgery resident
from 2016 to 2020. Despite this, resident exposure to
ankle arthroscopy remained low throughout the study
period and highly variable, with a 13-fold difference in
case volume among the 10th and 90th percentiles of
performing residents.

In 2013, the ACGME mandated case minimum re-
quirements for 15 core procedural categories in attempt
to standardize resident procedural experience.” With
respect to the foot and ankle, residents are required to
perform at least 5 ankle arthrodesis procedures and 15
ankle fracture open reduction internal fixation (ORIF)
procedures.'” Interestingly, there has been a recent
interest in the concurrent use of ankle arthroscopy at
the time of ankle ORIF.'” In a retrospective study of
32,307 patients undergoing ankle ORIF from 2007 to
2011, there was a significant increase in the prevalence
of simultaneous arthroscopic treatment and significant
decrease in the prevalence of arthroscopic ankle treat-
ments occurring after ankle ORIF.'” The authors
believe this to be a result of early arthroscopic detection
and treatment of cartilaginous injury at the time of
acute ankle fracture, as 22.4% of patients received
concurrent microfracture treatment. This study suggests
that resident exposure to ankle arthroscopically may
increase in the near future as more surgeons aim to
identify and treat cartilaginous defects at the time of
ankle ORIF.

Similar national rates have been reported for arthro-
scopic arthrodesis of the ankle. According to a recent
17-year analysis, the incidence of outpatient arthrodesis
performed with arthroscopic assistance increased by
858%.'" Several advantages have been reported with
this technique, including preservation of inherent ankle
stability, fewer complications, and faster recovery when
compared with open surgery.'’

DeFroda et al.® previously evaluated foot and ankle
case volume among orthopaedic surgery residents from
2009 to 2013. Within this study, a 23% increase in
ankle arthroscopy (6 vs 7.4) cases was reported, with a
14.0- to 15.0-fold difference between the 10th and 90th
percentile of graduating residents. Our study is unique
in that it offers an updated analysis of ankle arthroscopy
case volume over the preceding 5 years. We found that
residents preformed an average of 6.2 ankle arthros-
copy cases in 2016, compared to 6.1 in 2020 (—1.6%
change; P = .732). In addition, a 13.0-fold difference
in case volume was present among the 10th and 90th
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percentile of graduating residents. Interestingly, how-
ever, the total number of leg/ankle procedures from
2009 to 2013 and 2016 to 2020 significantly increased
during both time periods, respectively. These data imply
that resident exposure to ankle arthroscopy has
remained low and highly variable over the preceding
decade, despite a continued increase in the number of
leg/ankle procedures being performed.

Foot and ankle surgery has become a prominent focus
of orthopaedic surgery residency curricula.”’ A major
contributor to this finding is thought to be the growing
number of foot and ankle subspecialist faculty affiliated
with academic teaching programs.?’ In 2003, only 80 of
148 (54.1%) orthopaedic residency programs had a
single foot and ankle surgeon on faculty and 10.1% of
programs had no dedicated rotation for foot and ankle
surgery.”’ However, according to a recent follow-up
study, 91.3% of programs have at least 1 foot and
ankle surgeon on faculty and 80% have dedicated foot
and ankle rotations.”’ However, within this study, data
regarding the case volumes of ankle arthroscopy among
academic foot and ankle surgeons were not provided.
Therefore, while this increase in academic foot and ankle
faculty is likely to explain the increases in total leg/ankle
exposure among orthopaedic residents, it is difficult to
determine the stagnation in ankle arthroscopy

Teaching arthroscopic ankle surgery to orthopaedic
residents is difficult, given the high level of dexterity,
hand—eye coordination, triangulation, and anatomic
understanding required.”” This may hinder a surgeon’s
readiness to adopt this procedure in an academic
setting, as resident involvement may slow efficiency.
Even at the attending surgeon level, a prolonged
learning curve for ankle arthroscopy has been re-
ported”” and may require advanced training.”* As such,

S. Y. SUDAH ET AL.

== Mean Leg/Ankle
Arthroscopy
Procedures

== Median Leg/Ankle
Arthroscopy
Procedures

Mean Total Leg/Ankle

Procedures Fig 1. Trends in the mean and

median orthopaedic resident case
volumes. for leg/ankle arthros-
copy and total leg/ankle proced-
ures from 2016 to 2020.

== Median Total
Leg/Ankle Procedures

a lack of highly specialized ankle arthroscopists associ-
ated with academic institutions may be contributing to
the variability in case exposure that we found.

The addition of a standardized ankle simulation cur-
riculum has been shown to improve arthroscopic pro-
ficiency, anatomic recognition, and safety when
compared with traditional apprenticeship teaching
models.”” Martin et al.”” performed a prospective
comparative study that randomized trainees into either
a simulation or standard practice group. Those in the
simulation group received 4 one-on-one, 15-minute
simulation training sessions over a 4-month period,
whereas the standard practice group received no addi-
tional simulation or exposure. After intervention, the
simulation group outscored the control group in total
Arthroscopic Surgery Skill Evaluation Tool score and
achieved nearly expert Arthroscopic Surgery Skill
Evaluation Tool Safety scores upon cadaveric testing.
While similar studies have reported improved ankle
arthroscopy skills among orthopaedic residents with
practice on cadaveric and simulator models,”**” most
residents find live surgery to be the most advantageous
learning environment.”®?’ Furthermore, arthroscopic
case experience has been proven to be more specific of
surgical skill for a given task.”® As such, it is vital for
trainees to achieve intraoperative ankle arthroscopy
experience throughout their residency training and
residency programs should explore methods to increase
exposure to this procedure.

Resident case volume for ankle arthroscopy don’t
seem to reflect the national increases in the incidence of
this procedure. According to a recent nationwide
database study,'® the incidence of ankle arthroscopy
has outpaced the use of shoulder, knee, and elbow
arthroscopy in recent years. However, upon review of
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recent ACGME case log studies, it seems that
orthopaedic resident case exposure to ankle arthros-
copy is lower than many other areas of arthroscopic
surgery. For example, from 2016 to 2020, the average
number of shoulder arthroscopy cases performed
increased from 69 to 79.7, representing a 15.5% in-
crease.”” Over this same time period, the average
number of knee arthroscopy cases decreased by
2.6%.”° However, knee arthroscopy appears to be the
most commonly performed arthroscopic procedure
among residents, as the average number of cases per-
formed in 2020 was 111. Similar to ankle arthroscopy,
resident case exposure to elbow arthroscopy and hip
arthroscopy is relatively low and stagnant.'**? Specif-
ically, the average number of elbow arthroscopy cases
performed in 2016 and 2020 was only 1.6, signifying
that no change in case volume has occurred over the
last 5 years.

Initially used as a diagnostic tool, this procedure is
now widely indicated for the management of intra-

Table 4. Variability in Leg/Ankle Arthroscopy Case Volume
Between the 10th and 90th Percentiles of Graduating
Orthopaedic Surgery Residents

Procedure (Area) Year 10th 30th 50th 70th 90th
Arthroscopy (leg/ankle) 2016 1 3 5 8 13
2017 1 3 5 7 13
2018 1 3 5 8 14
2019 1 3 5 8 14
2020 1 3 5 7 13
Total (leg/ankle) 2016 113 141 163 192 228

2017 122 149 170 196 238
2018 127 155 181 207 251
2019 130 164 189 217 270
2020 137 173 195 222 272

articular ankle pathology.”” While ankle arthroscopy
is most commonly used to treat soft tissue and bony
impingement,””’?*”° osteochondral defects,”*”® and
intra-articular loose bodies,”’ many surgeons now
advocate for concomitant or staged arthroscopic inter-
vention during the treatment of lateral ankle insta-
bility.'* For example, the combined use of ankle
arthroscopy and peroneal tendon retinacular repair has
increased by 50% from 2007 to 2011.'" In addition,
surgeons are now using arthroscopic techniques to
perform all-inside ankle ligament reconstruction,”” *’
arthroscopic-assisted ankle fracture fixation,'”**
arthrodesis,'®'” with favorable results.

In addition, multiple studies have demonstrated
favorable clinical outcomes when comparing open and
arthroscopic ankle procedures. A meta-analysis per-
formed in 2021 found that patients undergoing arthro-
scopic ankle arthrodesis for the treatment of advanced
tibiotalar osteoarthritis experienced a greater fusion rate,
lower fusion time, lower intraoperative blood loss,
decreased hospital length of stay, and an overall lower
rate of postoperative complications when compared to
those undergoing open surgery.”’ In addition, a separate
meta-analysis performed in 2022 comparing outcomes
of arthroscopic versus open Brostrom repair showed
significantly less time to weight-bearing and decreased
pain scores in the arthroscopic groups.”* Perhaps the use
of ankle arthroscopy within academic settings will rise
overtime as the evidence supporting its indications
continue to grow.

and

Limitations

The present study is not without limitations. The
ACGME case log data does not specity the types of
procedures within the leg/ankle category. Therefore,
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while case volume and variability for arthroscopic
procedures of the leg/ankle were provided, these find-
ings are not applicable to specific CPT procedural codes.
Next, the ACGME case log data accuracy may be
influenced by bias due to underreporting or over-
reporting among residents Next, the ACGME case log
data accuracy for all arthroscopic procedures including
hip, ankle, knee, and shoulder may be influenced by
bias due to under-reporting or over-reporting among
residents due to the fact that there are several unbun-
dled CPT codes that can be included in a single
arthroscopic surgical procedure.”® Finally, the degree of
resident participation within each case cannot be
determined and may be subject to reporting bias, which
may also threaten the accuracy of the data.

Conclusions

Orthopaedic surgery resident exposure to ankle
arthroscopy has remained low and highly variable
overtime, despite an overall increase in the total num-
ber of leg/ankle procedures performed. Implementing
minimum case requirements for ankle arthroscopy
during orthopaedic residency may be helpful to in-
crease exposure to ankle arthroscopy and reduce vari-
ability in experience.

References

1. Kirk LM. The next accreditation system. Tex Med
2016;112:54-57.

2. Marsh JL, Potts JR 3rd, Levine WN. Challenges in resident
education: Is the Next Accreditation System (NAS) the
answer? AOA critical issues. J Bone Joint Surg Am 2014;96:
e75.

3. Sabharwal S, Toci GR, D’Sa AA, Nayar SK, LaPorte DM.
Impact of 2013 ACGME minimum case requirements on
orthopedic resident operative volume. Orthopedics
2022;45:25-30.

4. Gordon AM, Flanigan DC, Malik AT, Vasileff W. Ortho-
paedic surgery sports medicine fellows see substantial
increase in hip arthroscopy procedural volume with high
variability from 2011 to 2016. Arthroscopy 2021;37:
521-527.

5. Carender CN, Shamrock AG, An Q, Karam MD. Vari-
ability in experience performing lower extremity ampu-
tations between surgical residents: An examination of
ACGME case logs. Towa Orthop J 2019;39:15-20.

6. DeFroda SF, Gil JA, Blankenhorn BD, Daniels AH. Vari-
ability in foot and ankle case volume in orthopaedic res-
idency training. Foot Ankle Spec 2017;10:531-537.

7. Blood TD, Gil JA, Born CT, Daniels AH. Variability in
trauma case volume in orthopedic surgery residents.
Orthop Rev (Pavia) 2017;9:6967.

8. Gil JA, Waryasz GR, Owens BD, Daniels AH. Variability of
arthroscopy case volume in orthopaedic surgery resi-
dency. Arthroscopy 2016;32:892-897.

9. Hinds RM, Klifto CS, Guss MS, Capo JT. Microsurgery
case volume during orthopedic surgery residency: A 7-
year assessment. Hand (N Y) 2017;12:610-613.

S. Y. SUDAH ET AL.

10. Hinds RM, Gottschalk MB, Capo JT. National trends in
carpal tunnel release and hand fracture procedures per-
formed during orthopaedic residency: An analysis of
ACGME case logs. J Grad Med Educ 2016;8:63-67.

11. Hinds RM, Rapp TB, Capo JT. Orthopedic oncology
caseload among orthopedic surgery residents. J Cancer
Educ 2018;33:293-297.

12. Sudah SY, Michel CR, Nasra MH, et al. Hip Arthroscopy
procedural volume is low among graduating orthopaedic
surgery residents. Arthrosc Sports Med Rehabil 2022;4:
el179-el1184.

13. Best MJ, Buller LT, Miranda A. United States national
trends in ankle arthroscopy: Analysis of the national
survey of ambulatory surgery and national hospital
discharge survey. Foot Ankle Spec 2015;8:266-272.

14. Werner BC, Burrus MT, Park JS, Perumal V,
Gwathmey FW. Trends in ankle arthroscopy and its use in
the management of pathologic conditions of the lateral
ankle in the United States: A national database study.
Arthroscopy 2015;31:1330-1337.

15. Accreditation Council for Graduate Medical Education.
ACGME program requirements for graduate medical ed-
ucation in orthopaedic surgery. https://www.acgme.org/
globalassets/PFAssets/ProgramResources/260_ORS_Case_
Log_Minimum_Numbers.pdf. Accessed January 31, 2022.

16. Hinds RM, Gottschalk MB, Strauss EJ, Capo JT. Trends in
arthroscopic procedures performed during orthopaedic
residency: An analysis of accreditation council for grad-
uate medical education case log data. Arthroscopy 2016;32:
645-650.

17. Ackermann J, Fraser EJ, Murawski CD, Desai P, Vig K,
Kennedy JG. Trends of concurrent ankle arthroscopy at
the time of operative treatment of ankle fracture: A na-
tional database review. Foot Ankle Spec 2016;9:107-112.

18. Best MJ, Buller LT, Miranda A. National trends in foot and
ankle arthrodesis: 17-Year analysis of the national survey
of ambulatory surgery and national hospital discharge
survey. J Foot Ankle Surg 2015;54:1037-1041.

19. Ferkel RD, Hewitt M. Long-term results of arthroscopic
ankle arthrodesis. Foot Ankle Int 2005;26:275-280.

20. Pinzur MS, Mikolyzk D, Aronow MS, et al. Foot and ankle
experience in orthopaedic residency. Foot Ankle Int
2003;24:567-569.

21. Panchbhavi VK, Aronow MS, Digiovanni BF, et al. Foot
and ankle experience in orthopedic residency: An update.
Foot Ankle Int 2010;31:10-13.

22. Johnson JD, Cheng C, Schmidtberg B, Cote M,
Geaney LE. Assessment of basic ankle arthroscopy skills in
orthopedic trainees. Foot Ankle Int 2020;41:193-199.

23. Sugimoto K, Isomoto S, Samoto N, Matsui T, Tanaka Y.
Arthroscopic treatment of posterior ankle impingement
syndrome: Mid-term clinical results and a learning curve.
Arthrosc Sports Med Rehabil 2021;3:e1077-e1086.

24. Attia AK, Taha TA, Khamis KM, Hunt KJ, Labib SA,
Dhooghe P. Outcomes of arthroscopic vs open brostrom
surgery for chronic lateral ankle instability: A systematic
review and meta-analysis of comparative studies. Foot
Ankle Orthop 2022;7:2473011421S2473000096.

25. Martin KD, Patterson D, Phisitkul P, Cameron KL,
Femino J, Amendola A. Ankle arthroscopy simulation
improves basic skills, anatomic recognition, and


http://refhub.elsevier.com/S2666-061X(22)00096-7/sref1
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref1
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref2
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref2
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref2
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref2
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref3
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref3
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref3
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref3
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref4
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref4
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref4
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref4
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref4
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref5
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref5
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref5
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref5
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref6
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref6
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref6
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref7
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref7
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref7
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref8
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref8
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref8
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref9
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref9
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref9
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref10
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref10
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref10
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref10
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref11
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref11
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref11
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref12
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref12
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref12
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref12
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref13
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref13
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref13
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref13
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref14
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref14
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref14
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref14
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref14
https://www.acgme.org/globalassets/PFAssets/ProgramResources/260_ORS_Case_Log_Minimum_Numbers.pdf
https://www.acgme.org/globalassets/PFAssets/ProgramResources/260_ORS_Case_Log_Minimum_Numbers.pdf
https://www.acgme.org/globalassets/PFAssets/ProgramResources/260_ORS_Case_Log_Minimum_Numbers.pdf
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref16
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref16
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref16
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref16
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref16
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref17
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref17
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref17
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref17
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref18
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref18
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref18
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref18
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref19
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref19
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref20
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref20
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref20
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref21
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref21
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref21
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref22
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref22
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref22
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref23
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref23
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref23
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref23
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref24
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref24
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref24
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref24
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref24
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref25
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref25
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref25

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

ANKLE ARTHROSCOPY PROCEDURAL VOLUME

proficiency during diagnostic examination of residents in
training. Foot Ankle Int 2015;36:827-835.

Wolf BR, Britton CL. How orthopaedic residents perceive
educational resources. Iowa Orthop J 2013;33:185-190.
Templeton-Ward O, Solan M. Posterior ankle and hind
foot arthroscopy—how do you responsibly learn this new
technique? Foot Ankle Surg 2014;20:229-230.

Martin KD, Cameron K, Belmont PJ, Schoenfeld A,
Owens BD. Shoulder arthroscopy simulator performance
correlates with resident and shoulder arthroscopy expe-
rience. J Bone Joint Surg Am 2012;94:e160.

Sudah SY, Michel CR, Menendez ME, Plyler RJ. Wide
variability of shoulder and elbow case volume in orthopedic
surgery residency. J Shoulder Elbow Surg 2022;31:437-444.
Sudah SY, Constantinescu DS, Nasra MH, et al. Wide
variability of pediatric knee arthroscopy case volume in
orthopaedic surgery residency. Arthrosc Sports Med Rehabil
2021;3:€1769-e1773.

Shah R, Bandikalla VS. Role of arthroscopy in various
ankle disorders. Indian J Orthop 2021;55:333-341.
Mardani-Kivi M, Mirbolook A, Khajeh-Jahromi S,
Hassanzadeh R, Hashemi-Motlagh K, Saheb-Ekhtiari K.
Arthroscopic treatment of patients with anterolateral
impingement of the ankle with and without chondral
lesions. J Foot Ankle Surg 2013;52:188-191.

Urguden M, Soyuncu Y, Ozdemir H, Sekban H,
Akyildiz FF, Aydin AT. Arthroscopic treatment of ante-
rolateral soft tissue impingement of the ankle: Evaluation
of factors affecting outcome. Arthroscopy 2005;21:317-322.
Guelfi M, DiGiovanni CW, Calder J, et al. Large variation
in management of talar osteochondral lesions among foot
and ankle surgeons: Results from an international survey.
Knee Surg Sports Traumatol Arthrosc 2021;29:1593-1603.
Hirtler L, Schellander K, Schuh R. Accessibility to talar
dome in neutral position, dorsiflexion, or noninvasive
distraction in posterior ankle arthroscopy. Foot Ankle Int
2019;40:978-986.

Kim HN, Kim GL, Park JY, Woo KJ, Park YW. Fixation of
a posteromedial osteochondral lesion of the talus using a
three-portal posterior arthroscopic technique. J Foot Ankle
Surg 2013;52:402-405.

Lan S, Zeng W, Yuan G, et al. All-inside arthroscopic
anterior talofibular ligament anatomic reconstruction

38.

39.

40.

41.

42.

43.

44,

45.

46.

el615

with a gracilis tendon autograft for chronic ankle insta-
bility in high-demand patients. J Foot Ankle Surg 2020;59:
222-230.

Feng SM, Maftfulli N, Ma C, Oliva F. All-inside arthro-
scopic modified Brostrom-Gould procedure for chronic
lateral ankle instability with and without anterior talo-
fibular ligament remnant repair produced similar func-
tional results. Knee Surg Sports Traumatol Arthrosc 2021;29:
2453-2461.

Guelfi M, Vega J, Malagelada F, Dalmau-Pastor M. The
arthroscopic all-inside ankle lateral collateral ligament
repair is a safe and reproducible technique. Knee Surg
Sports Traumatol Arthrosc 2020;28:63-69.

Vega J, Malagelada F, Dalmau-Pastor M. Arthroscopic
all-inside ATFL and CFL repair is feasible and provides
excellent results in patients with chronic ankle insta-
bility. Knee Surg Sports Traumatol Arthrosc 2020;28:
116-123.

Cordier G, Lebecque J, Vega J, Dalmau-Pastor M.
Arthroscopic ankle lateral ligament repair with biological
augmentation gives excellent results in case of chronic
ankle instability. Knee Surg Sports Traumatol Arthrosc
2020;28:108-115.

Guelfi M, Nunes GA, Malagelada F, Cordier G, Dalmau-
Pastor M, Vega J. Arthroscopic-assisted versus all-
arthroscopic ankle stabilization technique. Foot Ankle Int
2020;41:1360-1367.

Vega J, Allmendinger J, Malagelada F, Guelfi M, Dalmau-
Pastor M. Combined arthroscopic all-inside repair of
lateral and medial ankle ligaments is an effective treat-
ment for rotational ankle instability. Knee Surg Sports
Traumatol Arthrosc 2020;28:132-140.

Bonasia DE, Rossi R, Saltzman CL, Amendola A. The role
of arthroscopy in the management of fractures about the
ankle. J Am Acad Orthop Surg 2011;19:226-235.

Bai Z, Yang Y, Chen S, et al. Clinical effectiveness of
arthroscopic vs open ankle arthrodesis for advanced ankle
arthritis: A systematic review and meta-analysis. Medicine
(Baltimore) 2021;100:24998.

Salazar D, Schiff A, Mitchell E, Hopkinson W. Variability
in Accreditation Council for Graduate Medical Education
Resident Case Log System practices among orthopaedic
surgery residents. J Bone Joint Surg Am 2014;96:e22.


http://refhub.elsevier.com/S2666-061X(22)00096-7/sref25
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref25
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref26
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref26
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref27
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref27
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref27
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref27
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref28
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref28
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref28
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref28
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref29
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref29
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref29
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref30
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref30
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref30
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref30
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref31
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref31
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref32
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref32
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref32
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref32
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref32
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref33
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref33
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref33
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref33
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref34
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref34
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref34
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref34
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref35
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref35
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref35
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref35
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref36
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref36
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref36
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref36
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref37
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref37
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref37
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref37
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref37
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref38
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref38
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref38
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref38
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref38
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref38
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref39
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref39
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref39
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref39
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref40
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref40
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref40
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref40
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref40
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref41
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref41
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref41
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref41
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref41
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref42
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref42
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref42
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref42
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref43
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref43
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref43
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref43
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref43
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref44
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref44
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref44
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref45
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref45
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref45
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref45
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref46
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref46
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref46
http://refhub.elsevier.com/S2666-061X(22)00096-7/sref46

	Ankle Arthroscopy Procedural Volume Is Low Among Graduating Orthopaedic Surgery Residents
	Methods
	Results
	Discussion
	Limitations

	Conclusions
	References


