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Abstract
Background There has been a considerable rise in the
number of musculoskeletal/orthopaedic oncology fel-
lowships and subsequently, orthopaedic oncologists, in
the nation. National societies have been concerned that
the increasing number of orthopaedic oncologists, cou-
pled with a limited number of patients with bone and
soft-tissue sarcomas in the country, may have led to an
unintended impact on the training spectrum and/or

exposure of orthopaedic oncology fellows-in-training
over time. Fellows who are unable to gain exposure by
operating on varied cancer presentations during training
may be less confident in dealing with a wide array of
patients in their practice. Despite these concerns, the
volume and variability of procedures performed by
fellows-in-training remains unknown. Understanding
these parameters will be helpful in establishing policies
for standardizing training of prospective fellows to en-
sure they are well-equipped to care for patients with bone
and/or soft-tissue sarcomas in the beginning of their
career.
Questions/purposes (1) Has the median surgical pro-
cedure volume per fellow changed over time? (2) How
much variability in procedural volume exists between
fellows, based on the most recent (2017) Accreditation
Council on Graduate Medical Education (ACGME) pro-
cedure log data? (3) What proportion of fellows are
meeting the minimum procedure volume thresholds, as
recommended by the Musculoskeletal Tumor Society
(MSTS)?
Methods The 2010 to 2017 ACGME fellowship pro-
cedure logs for musculoskeletal oncology fellowships were
retrieved from the council’s official website. All fellows
enrolled in ACGME-accredited fellowships are mandated
to complete case logs before graduation. This study did not
include operative procedures performed by fellows in
nonACGME-approved fellowship programs. The 2010 to
2016 anatomic site-based procedure log data were used to
evaluate fellows’ overall and location-specific median
operative or patient volume, using descriptive statistics.
Linear regression analyses were used to assess changes in
the median procedure volume over time. The 2017
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categorized procedure log data were used to assess vari-
ability in procedure volume between the lowest (10th
percentile) and highest (90th percentile) of all fellows.
Using 2017 procedure logs, we compared the minimum
procedure volume standards, as defined by the MSTS,
against the number of procedures performed by fellows
across the 10th, 30th, 50th (median), 70th, and 90th
percentiles.
Results There was no change in the median (range) pro-
cedural volume per fellow from 2010 (292 procedures [131
to 634]) to 2017 (312 procedures [174 to 479]; p = 0.58).
Based on 2017 categorized procedure log data, there was
considerable variability in procedural volume between the
lowest (10th) percentile and highest (90th) percentile of
fellows across programs: pediatric oncologic procedures
(10-fold difference), surgical management of complica-
tions from limb-salvage surgery (sevenfold difference),
soft-tissue resections or reconstructions (fourfold differ-
ence), bone sarcoma resections or limb-salvage surgery
(fourfold difference), and spine, sacrum, and pelvis pro-
cedures (threefold difference). A fair proportion of fellows
did not meet the minimum procedure volume standards, as
recommended by the MSTS across certain categories. For
the spine and pelvis (minimum= 10 procedures), fellows in
the lowest 10th percentile performed only six procedures.
For patients with bone sarcomas or limb salvage
(minimum = 20 procedures), fellows in the lowest 10th
percentile performed only 14 procedures. For pediatric
patients with oncologic conditions (minimum = 15 proce-
dures), fellows in the 50th percentile (13 procedures) and
below failed to meet the thresholds. For surgical manage-
ment of complications from limb-salvage procedures
(minimum = five procedures), fellows in the lowest 10th
percentile performed only three procedures.
Conclusion Although we were encouraged to observe
that the median number of procedures performed by
musculoskeletal oncology fellows over this time has not
changed, we observed wide variability in the procedure
volume among fellows for pediatric sarcomas, soft-tissue
resection and reconstruction, limb salvage procedures,
and spine procedures. We do not know how this compares
with fellows trained in nonaccredited fellowship
programs.
Clinical Relevance Although we recognize that the edu-
cation of fellows entails much more than performing oper-
ations, national societies have recognized a need to bring
about more uniformity or standardization of training in
musculoskeletal oncology. Limiting the number of ortho-
paedic oncology fellowships to high-volume institutions,
expanding the training time period, and/or introducing
subspecialty certification may be possible avenues through
which standardization of training can be defined.

Introduction

Due to improvements in surgical technology, a need for
expanded knowledge, and greater surgical skill, orthopaedic
surgery has become an increasingly subspecialized field of
medicine. In the United States, more than 90% of ortho-
paedic residents complete a fellowship after residency, with
the number of fellowship applicants and fellowship pro-
grams increasing every year [15]. Although an increasing
number of subspecialized orthopaedic surgeons is required
to meet the surgical demand of a rising elderly population
seeking elective procedures (such as total joint arthroplasties), it
may not be entirely suitable for branches of orthopaedics with
limited practice spectrums, such as orthopaedic/musculoskeletal
oncology. When the Musculoskeletal Tumor Society (MSTS;
a national orthopaedic oncology society) was founded, there
were only threemusculoskeletal oncology fellowships [8].As of
2019, there were 19 fellowships (accredited and nonaccredited)
offered by different institutions across theUnited States. Current
statistics show that there are more than 200 orthopaedic oncol-
ogists nationally, with each year bringing a “fresh” group of 12
to 19 newly graduated orthopaedic oncologists, surpassing the
number of individuals retiring or leaving practice [4]. With a
limited number of patientswith bone and soft-tissue sarcomas in
the nation, there have beendiscussions among current practicing
surgeons at national societymeetings as to whether the influx of
newly trained operating surgeons may have an unintended
consequence of reducing the number of surgical procedures
each fellow performs in his or her training, which could lower
the educational content and subsequent preparedness of fellows
when they enter practice [4, 14].

Prior reports have already shown that early-career or-
thopaedic oncologists are not performing what is viewed to
be a sufficient number tumor surgical procedures based
from a recent survey that was published in Clinical
Orthopaedics and Related Research®, and case variability
in the beginning years of practice remains a matter of
concern [7, 11]. The relatively low tumor procedures for
early-career orthopaedic oncologists could be due to a
decrease in the patient population, secondary to an in-
creasing number of orthopaedic oncologists dividing up the
volume among regions; consequently, newly-minted or-
thopaedic oncologists might not be comfortable doing
certain procedures in which they have had limited exposure
during their training. Although prior studies have not ex-
actly estimated confidence/comfort level in doing proce-
dures early on, in our personal experience it does impact a
practice early on, particularly when cases need to be sub-
mitted for the board certification exams. Insufficient ex-
perience in training may also adversely affect patient care,
if the operating surgeon does not have the surgical skills
required to treat patients with complex cancers early-on in
their practice. Despite the latter concerns, little is known
about whether orthopaedic oncology fellows-in-training
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have experienced changes in surgical volume or howmuch
variability in procedure volume exists between fellowship
programs. Concurrent with the growth in the number of
musculoskeletal oncology fellowships over the past de-
cade, the MSTS has pushed to ensure more uniformity in
training across different educational sites by recommend-
ing minimum surgical volumes and/or thresholds. The
MSTS recommended that to demonstrate competence,
fellows should complete a minimum of 150 oncologic
procedures, with at least 20 soft-tissue resections or
reconstructions; 20 bone sarcoma resections, recon-
structions, or limb-salvage procedures; 20 operations for
distant metastatic disease; 15 procedures to treat pediatric
patients with tumors involving the spine, soft tissue, or
bone; 10 procedures to treat spinal or pelvis tumors; and
five procedures to treat complications associated with limb
salvage surgery [12]. Despite the establishment of these
recommendations, it is unknown what proportion of fel-
lows are able to complete the minimum number of required
cases before graduation.

We therefore asked the following questions: (1) Has the
median surgical procedure volume per fellow changed over
time? (2) How much variability in procedural volume
exists between fellows, based on the most recent (2017)
Accreditation Council on Graduate Medical Education
(ACGME) procedure log data? (3) What proportion of
fellows are meeting the minimum procedure volume
thresholds, as recommended by the MSTS?

Materials and Methods

This retrospective cross-sectional study was performed
using the ACGME fellowship procedure logs. In accor-
dance with ACGME guidelines, fellows enrolled in
accredited fellowships across the United States are required
to log their operative experience by entering Current
Procedural Terminology (CPT) codes into an online data
portal system for quality improvement and analytical pur-
poses. To help answer questions regarding operative experi-
ence and inter-institution variability, the ACGME compiles
procedure log data in a de-identified format and makes it
available publicly on their official website [1]. In addition to
reporting the median procedure volume, the case logs also
report procedure volume across the 10th, 30th, 50th (median),
70th, and 90th percentiles of fellows. Due to compliance with
HIPAA laws, the ACGME do not report individual procedure
volumes of each fellow.Readers should note that, even though
residents and fellow enrolled in surgical residencies and fel-
lowships are mandated to complete their case logs, the accu-
racy of case-logging remains questionable [9, 16]. Much of
this inaccuracy appears to stem from an inadequate ability to
properly code for a large variety of procedures [13]. Although
no study has investigated the accuracy/consistency of case

logs inmusculoskeletal oncology, given the limited number of
procedures and, subsequent, CPT codes present, we feel that
these case logs would be pretty much reflective of the actual
surgical procedure volume of fellows. From 2010 to 2016,
ACGME procedure log data for musculoskeletal oncology
fellowships were based on a standard deidentified format that
described oncologic procedures based on the anatomic site
(such as the hand or wrist, shoulder or elbow, femur or knee,
pelvis or hip, or spine). Beginning in 2017, to establish uni-
formity and help societies set volume and procedure type-
specific standards, the ACGME revised the categories into
distinct groups (spine or pelvis; soft tissue resections and
reconstructions; bone sarcoma resections and limb salvage
operations; pediatric oncologic procedures involving the soft
tissue, bone, and spine; surgical management of limb-salvage
complications; andmanagement of distant metastatic disease).

From 2010 to 2017, the number of ACGME-accredited
musculoskeletal oncology fellowship programs increased
from seven to 11, with the number of corresponding fel-
lows increasing from 10 to 18. We used the 2010 to 2016
location-based procedure log data to evaluate the numbers
of overall and anatomic site-specific median operative
volume that fellows reported, using descriptive statistics.
We used linear regression analyses to assess the presence
of changes in the median procedure volume over time. The
2017 categorized procedure log data were used to assess
variability in procedure volume between the lowest (10th
percentile) and highest (90th percentile) of all fellows. We
assessed variability using the following formula:

procedure volume of fellows in the highest ð90thÞ percentile
procedure volume of fellows in the lowest ð10thÞ percentile

Minimum case volume standards, as recommended by
the MSTS (Table 1), were compared against the number of
procedures performed by fellows across the 10th, 30th,
50th (median), 70th, and 90th percentiles.

Linear regression analyses for assessing the potential
changes in median procedure volume were performed us-
ing Microsoft Excel. For all statistical purposes, a p value
of less than 0.05 was considered statistically significant.
Because data were derived from deidentified, publicly
available reports, the study was exempt from institutional
review board approval.

Results

Median Musculoskeletal Oncology Fellow Case
Volume, 2010 to 2016

With the numbers we had, we found no difference in the
median (range) procedure volume per fellow over time.
The overall operative volume went from 292 procedures
(131 to 634) in 2010 to 312 (174 to 479) procedures in 2016
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(p = 0.58) (Fig. 1). Using anatomic site-based procedure
log data (Table 2), we found there was a slight increase in
the median number of shoulder procedures, from 19 pro-
cedures (10 to 40) in 2010 to 27 procedures (15 to 41) in
2016 (p = 0.049). With the numbers we had, we did not
observe changes over time with regard to the median vol-
ume of procedures involving the humerus or elbow (p =
0.13), forearm or wrist (p = 0.12), hand or fingers (p =
0.37), pelvis or hip (p = 0.06), femur or knee (p = 0.62), leg
or ankle (p = 0.78), foot and toes (p = 0.14), and spine (p =
0.35). The largest numbers of procedures were seen in the
categories of femur/knee and pelvis/hip (Fig. 2).

Variability in Reported Procedures between Fellows
in 2017

Based on 2017 categorized procedure log data, the greatest
variability in procedures between the lowest (10th per-
centile) and highest (90th percentile) of fellows was seen
for pediatric oncologic procedures (10-fold difference),
procedures to treat complications from limb-salvage sur-
gery (sevenfold difference), soft-tissue resections or
reconstructions (fourfold difference), bone sarcoma
resections or limb-salvage surgery (fourfold difference),
and spine or pelvis procedures (threefold difference)
(Table 3).

Minimum MSTS Procedure Volume Thresholds

Based on the minimum procedure volume standards rec-
ommended by theMSTS, a number of fellows did not meet
the thresholds across certain categories. For the spine and
pelvis (minimum = 10 procedures), fellows in the lowest
10th percentile performed only six pelvic procedures. For
bone sarcoma and limb-salvage procedures (minimum= 20
procedures), fellows in the lowest 10th percentile per-
formed only 14 procedures. For pediatric oncologic pro-
cedures (minimum = 15 procedures), fellows in the 50th
percentile (13 procedures) and below failed to meet the
thresholds. For operations to manage complications from
limb-salvage procedures (minimum = five procedures),
fellows in the lowest 10th percentile performed only three
procedures (Fig. 3).

Discussion

The number of accredited and nonaccredited musculo-
skeletal oncology fellowship and/or training positions has
increased over time [18]. This has not only fueled concerns
about the demand for and supply of orthopaedic oncologic
procedures among prospective fellows and current

practicing surgeons, but also has led to discussions among
MSTS members on the need for standardization of training
across institutions to ensure that fellows are appropriately
exposed to all facets of this field and are adequately pre-
pared to treat patients with sarcomas. Using national case
logs from fellows enrolled in accredited musculoskeletal
oncology fellowships in the United States, we found that
although the median procedure volume of fellows has not
changed over time, substantial variability exists in pro-
cedural exposure among fellows. Furthermore, a fair
number of fellows fall short of meeting the MSTS-
recommended surgical volume thresholds. These findings
are concerning, and highlight the need for action by na-
tional societies (such as the MSTS and the American
Academy of Orthopaedic Surgeons) to ensure that pro-
spective fellows are being adequately trained on all aspects
of orthopaedic oncology. There are a few plausible real-
world approaches that can be adopted (for example,
expanding fellowship time, limiting fellowships to high-
volume institutions, and introducing subspecialty certifi-
cation); the utility of will be discussed in the forthcoming
sections.

The study is limited by the inclusion of fellowship pro-
cedure log data from ACGME-accredited fellowships only.
Even though most orthopaedic oncology fellowships are
ACGME-accredited, procedures performed by fellows in
nonACGME fellowships may be different. Unfortunately, it
is impossible to confirm the latter assumption because
nonACGME fellowships are not required to submit pro-
cedure log data. However, given that most accredited and
nonaccredited fellowships are at cancer institutes, we would
anticipate their surgical volume to be largely similar to each
other. The ACGME recently switched from anatomic site-
based to category-specific procedure log data, and therefore

Table 1.MSTS recommended minimum procedure volume for
musculoskeletal oncology fellows

Category

Minimum volume
(number of
procedures)

Soft-tissue resections or
reconstructions

20

Bone sarcoma resections,
reconstructions or limb-salvage
procedures

20

Operations for distant metastatic
disease

20

Pediatric sarcomas 15

Spine/pelvis tumors 10

Procedures involving management of
complications associated with limb-
salvage surgery

5
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we were only able to assess variability between different
procedure types based on data from 2017 only. Future
studies should be performed 5 to 10 years from now to
evaluate changes in variability between different procedures

over time using the category-specific procedure log data.
The categorized definitions also combine spinal tumor sur-
geries and pelvic bone excisions (ilium, pubic rami, ace-
tabulum, and ischial tuberosity) under one broad group,

Fig. 1 This graph shows the number of fellows, fellowships, and median procedure volume from 2010 to 2016. A color image
accompanies the online version of this article.

Table 2. Median procedure volume as reported by fellows over time

Category, number (range) 2010 2011 2012 2013 2014 2015 2016 p valuea

Shoulder 19 18 25 23 20 28 27 0.049

(10 to 40) (6 to 49) (10 to 58) (7 to 47) (12 to 51) (11 to 44) (15 to 41)

Humerus/elbow 14 19 20 26 19 23 22 0.127

(9 to 38) (8 to 34) (5 to 51) (9 to 41) (6 to 32) (8 to 32) (10 to 45)

Forearm/wrist 9 9 10 9 8 12 12 0.124

(4 to 30) (3 to 25) (4 to 26) (5 to 32) (3 to 21) (1 to 21) (2 to 21)

Hand/fingers 6 4 8 5 7 9 6 0.369

(3 to 44) (1 to 44) (0 to 33) (1 to 26) (0 to 24) (1 to 21) (1 to 27)

Pelvis/hip 55 52 54 57 52 61 70 0.061

(27-84) (25 to 122) (35 to 134) (24 to 136) (34 to 89) (40 to 83) (24 to 85)

Femur/knee 89 75 99 105 101 92 87 0.623

(57 to 152) (46 to 197) (47 to 221) (68 to 155) (57 to 137) (56 to 138) (54 to 148)

Leg/ankle 27 27 32 39 27 27 26 0.779

(17 to 58) (16 to 61) (11 to 46) (19 to 51) (9 to 39) (16 to 61) (19 to 57)

Foot/toes 9 10 8 10 7 9 6 0.144

(5 to 13) (3 to 28) (2 to 30) (3 to 24) (0 to 15) (2 to 20) (2 to 19)

Spine 4 1 8 5 3 7 6 0.353

(0 to 45) (0 to 54) (0 to 52) (0 to 65) (0 to 32) (0 to 143) (0 to 41)

Total procedures 292 276 360 400 290 358 312 0.578

(164 to 634) (169 to 832) (169 to 732) (189 to 628) (185 to 497) (217 to 498) (174 to 479)

ap values retrieved from linear regression models assessing the presence of a trend in median procedure volume over time.
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making it difficult to ascertain whether the variability ob-
served was because of spine or pelvic procedures. The new
log system may be an improvement on the previous system,
but it currently has no minimums for shoulder endopros-
thetic reconstructions or benign surgical tumor care. This
may warrant a thorough reevaluation and reworking of the
new category-specific log system to clearly identify and
understand the full scope of musculoskeletal oncology
training. Another important study limitation is that an or-
thopaedic oncology fellowship typically encompasses
more than just surgical procedures, such as clinical
assessment of patients, interpretation of imaging, de-
livering bad news to patients, research and shared
decision-making, all of which cannot be captured in case
logs. However, given that surgical skill remains the main
“anchor” of a fellowship, there is still a need for driving
standardization of training across different institutions.
Lastly, our findings are based of small samples sizes (10 to
18 fellows), and therefore the confidence intervals of our
estimates are likely wide. A more continuous evaluative
approach by the MSTS is required, perhaps on a biannual
basis, to ensure fellow training is being monitored across
the nation. Lastly, as mentioned previously, we are
uncertain of the accuracy of coding in these case logs.
However, given that orthopaedic oncology fellows nor-
mally do a limited set of procedures, they subsequently
have to deal with fewer CPT codes than fellows enrolled
in other orthopaedic fellowships, such as trauma, where
the diverse range of CPT codes may lead to errors during
logging procedures.

Unlike other subspecialties (such as adult reconstruction/
joints, shoulder, spine) where the ever-increasing demand of
elective surgical care requires a continuous supply of more
surgeons, orthopaedic oncology is a unique super-specialized
branch of orthopaedics. Given the limited number of bone and
soft tissue sarcomas in the nation, and the increasing number of
orthopaedic oncologists, many surgeons have been concerned
that this may inevitably affect the training of prospective fel-
lows and practice spectrum of newly graduated orthopaedic
oncologists by dividing up the case-load among institutions.
Despite these concerns, we were unable to detect a change in
the median procedure volume of fellows from 2010 to 2016.
Although this finding may be surprising, most fellowships are
offered at major cancer hospitals, where the generally high
volume of sarcomas may not have influenced the training
spectrum of fellows. However, our results may be limited by
the inclusion of procedure log data from accredited fellow-
ships only. Most procedures performed by fellows were lim-
ited to the lower extremity, with generally few procedures
involving the upper extremity and/or vertebral column. This
could be because most sarcomas tend to occur in the pelvis,
hip, and knee region; surgeons in other subspecialties (such as
hand and upper extremity and the spine) may be operating on
patients with sarcomas in those locations. This is particularly
evident in patients with spinal tumors or spine metastases.
Based on our results, the median number of spine-only pro-
cedures performed by orthopaedic oncology fellows from
2010 to 2016 ranged from four to eight procedures only.Given
their precarious location and the possible adjunct compression
of the spinal cord, spine tumors (both primary and metastatic)

Fig. 2 This graph shows the median number of procedures, per location, performed by fellows from 2010 to 2016. A color image
accompanies the online version of this article.
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may be cared for by neurologic surgeons, orthopaedic spine
surgeons, or orthopaedic oncologists, which may dilute the
experience of trainees in all of these specialties. Although this
may be understandable, considering that surgeons in both
specialties receive training in the spine and are well-suited to
address patients’ surgical needs, most spine surgeons are not
expert oncologic surgeons, and many orthopaedic oncologists
are not educated or familiar with the complexities of current
spinal operations. In addition, neurosurgical and orthopaedic
spine surgeons may be suited to perform aspects of the
patient’s surgical care but largely perform only the technical
portions of it. In contrast, given their extensive training in
tumor biology and knowledge regarding adjunct radiation and
systemic treatments, orthopaedic oncologists may be better
posed to provide care for spine tumors, provided they receive

additional and adequate spine training. With an anticipated
increase in the number of patients with cancer who are treated
for metastatic spine disease, restructuring the training of or-
thopaedic oncology fellows by offering combined spine-
oncology fellowships may be warranted. There are a few
practicing orthopaedic oncologists in the nation who have
completed both a spine and an oncology fellowship for this
very reason, and the interest in dual fellowship appears to be
growing. Conversely, ensuring that fellowship institutions
have access to a multidisciplinary spine oncology team (spine
surgeons, orthopaedic oncologists, and radiation oncologists)
may be required before allowing them to implement a training
program.

Adding to these concerns, we found a large amount of
variation in the median procedure volume of pediatric sarco-
mas and soft-tissue sarcomas in our study. However, because
the ACGME changed from using standardized anatomic site-
based procedure log data to one that was categorized and
more specific to musculoskeletal oncology in 2017, we only
have 1 year of data on which to make observations. This
should be monitored more closely in the future. Based on our
findings, there was variation in pediatric sarcoma procedures,
bone sarcoma resections and limb salvage, and spine and
pelvis procedures between the upper and lower percentiles.
For pediatric sarcomas, fellows in the highest (90th percen-
tile) may have had a dedicated rotation in a pediatric hospital
where they may have been exposed to a number of patients
with sarcomas.Given thatmore than half of all fellows (below
the 70th percentile) failed to meet the recommended mini-
mum procedure volume to treat sarcomas in pediatric patients
set by the MSTS [15], many of these procedures may have
been performed by pediatric orthopaedic surgeons or trainees.
Pediatric soft-tissue sarcomas are also treated by pediatric
surgeons in some institutions, which may be another reason
for the low number of these procedures reported by ortho-
paedic oncology fellows in this study. Although variability
will inevitably exist across all orthopaedic fellowships (in-
cluding spine, hand, sports), the effect of variability for or-
thopaedic oncology training remains concerning. We already
know that early-career orthopaedic oncologists are not per-
forming what is believed to be a sufficient number of tumor
surgical procedures [11], and variability in procedures and/or
exposure to sarcomas in the beginning years of practice
remains a matter of concern. One may not see this for other
subspecialties; for example, due to a growing elderly patient
population, a recently trained arthroplasty or spine surgeon
will, undoubtedly, have a practice that consists of 90% to
100% arthroplasty or 90% to 100% spine, respectively.
Although surgeons have noted that the relatively low tumor
procedure volume for early-career orthopaedic oncologists
could be due to a decrease in the patient population, that is
secondary to an increasing number of orthopaedic oncologists
dividing up the volume among regions. It is also possible that
newly-graduated orthopaedic oncologists might not be

Table 3. Variation in the procedure volume reported by fellows
between the lowest (10th) and the highest (90th) percentile

Procedure
Number of

procedures per year

Spine/pelvis

10th 6

90th 18

Variation 3

Soft-tissue resections
and reconstruction

10th 17

90th 63

Variation 4

Bone sarcoma resection
or limb-salvage surgery

10th 14

90th 50

Variation 4

Pediatric oncologic or sarcoma
procedures

10th 2

90th 20

Variation 10

Surgical management of complications
from limb-salvage surgery

10th 3

90th 22

Variation 7

Management of distant metastatic
disease

10th 25

90th 67

Variation 3

Variation calculated by dividing the number of procedures
performed by fellows in the 90th percentile by the number of
procedures performed by fellows in the lowest 10th percentile.
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comfortable doing certain procedures in which they have had
limited exposure during their training. Although prior studies
have not exactly estimated confidence/comfort level in doing
procedures early on, in our personal experience, it does
influence a practice early on, particularly when procedures
must be submitted for the American Board of Orthopaedic
Surgery Part II exam. Future study investigating the confi-
dence of newly-graduated orthopaedic oncologists is required
to better answer these questions.

Possible Approaches Towards Standardization

There are a few plausible approaches which can be taken
toward mitigating the variability and/or improving training
of prospective fellows in the coming years. Limiting the
number of orthopaedic oncology fellowships to very high-
volume institutions will be one possible way of preventing
an undue division of cases both upstream (adequate pro-
cedure exposure during training) and downstream (appro-
priate practice spectrum for newly-minted orthopaedic
oncologists). However, legal concerns about the restraint
of trade might prevent this from happening [17], which
brings us to the option of allowing exchange of training
between two high-volume institutions. Although the latter
option is useful, it is hard to ignore the financial (cost of
travelling and living temporarily in another state) and
emotional (staying away from family and children) chal-
lenges associated with such travelling fellowships.
Institutions could also consider expanding fellowship to 2
years, and adding rotations with spine surgeons and pedi-
atric orthopaedic surgeons. This may be an unpopular
opinion because the expanded time that keeps a trainee
from earning salary to pay off accrued medical school debt;
however, it might be a necessary step to ensure adequate
procedure exposure before starting independently. Our
general surgical oncology counterparts have adopted a

similar approach in the training of their fellows. Having
recognized that there is a need for assessing the
qualifications/expertise of trainees, they developed a
comprehensive 2-year curriculum that involved core tumor
knowledge, and clinical expertise that would allow an in-
dividual to gain appropriate experience for dealing with
procedures in their practice [10]. Another example of
cross-specialty sharing of knowledge from our own or-
thopaedic community is that of spine surgery. Recent
studies have shown that even though both orthopaedic
surgeons and neurosurgeons regularly perform spine sur-
gery, their training spectrums are variable [6]: Orthopaedic
spine surgeons get more experience with instrumentation
and deformity procedures, whereas our neurosurgery
counterparts have more exposure to minimally invasive
spine and tumor surgeries. Although individuals have ad-
vocated for a spine surgery training track, it has yet to be
implemented [5]. In recognition of this problem, ortho-
paedic and neurosurgeons are advocating exchange of in-
formation, by encouraging trainees to do cross-fellowships
(that is, orthopaedic residents do a neurosurgery fellow-
ship, and neurosurgery residents do an orthopaedic spine
fellowship). Last but not the least, a Certificate of Added
qualification (CAQ) might be another way forward for
tackling this issue. Our surgical oncology counterparts
have introduced something similar, wherein newly gradu-
ated surgical oncologists have a period of 7 years to
apply/pass the exam, and gain subspecialty certification [2,
3]. By setting requirements of a healthy practice through
assessment of individual procedure volumes, we might be
able to offer these CAQs as a reflection of appropriate
experience/exposure. Although the purpose of a CAQ
would not be to identify “the best in business”, it would be a
way ofmonitoring the credentials of the oncologyworkforce
in the coming decade. The certification is not intended to
stop people from practicing orthopaedic oncology if their
procedure volume is low, but it will facilitate/encourage

Fig. 3 This graph shows the number of procedures performed by fellows across all per-
centiles in 2017 compared with the minimum defined procedure volume standard. A color
image accompanies the online version of this article.
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individuals on adopting best-referral practices. If an ortho-
paedic oncologist does not feel comfortable doing a complex
procedure due to limited exposure, he or she can refer
patients to another high-volume surgeon. If an orthopaedic
oncologist develops a healthy practice over time, and sub-
sequently gains experience, they can reapply for the CAQ,
submit their case logs and outcomes, give an exam and
subsequently gain subspecialty certification.

Conclusion

Despite an increasing number of fellowships, the median
number of procedures performed by musculoskeletal on-
cology fellows has not changed over time. However, var-
iability in the types of procedures performed by ACGME-
accredited oncology fellows exists, with a number of fel-
lows reporting procedure numbers that do not meet the
recommended minimum threshold before completing their
training. Discussion on ways of improving the current state
of affairs, either through restricting the number of fellow-
ships and/or introducing CAQs is suggested by these
findings. The future of the field and patient outcomes
depends on honesty as the next generation is trained to take
care of complex bone/soft tissue sarcomas.
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