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Abstract
Learning and change are key elements of clinical governance and are responsible
for the progression of our specialty. Although orthopaedics has been slow to
embrace quality improvement, recent years have seen global developments in
surgical education, quality improvement, and patient outcome research. This
review covers recent advances in the evaluation of learning and change and
identifies the most important research questions that remain unanswered.
Research into proxies of learning is improving but more work is required to
identify the best proxy for a given procedure. Learning curves are becoming
commonplace but are poorly integrated into postgraduate training curricula and
there is little agreement over the most appropriate method to analyse learning
curve data. With various organisations promoting centralisation of care, learning
curve analysis is more important than ever before. The use of simulation in
orthopaedics is developing but is yet to be formally mapped to resident training
worldwide. Patient outcome research is rapidly changing, with an increased
focus on quality of life measures. These are key to patients and their care. Cost-
utility analysis is increasingly seen in orthopaedic manuscripts and this needs to
continue to improve evidence-based care. Large-scale international, multi-centre
randomised trials are gaining popularity and updated guidance on sample size
estimation needs to become widespread. A global lack of surgeon equipoise will
need to be addressed. Quality improvement projects frequently employ
interrupted time-series analysis to evaluate change. This technique’s limitations
must be acknowledged,  and more work is required to improve the evaluation of
change in a dynamic healthcare environment where multiple interventions
frequently occur. Advances in the evaluation of learning and change are needed
to drive improved international surgical education and increase the reliability,
validity, and importance of the conclusions drawn from orthopaedic research.
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Core tip: Learning and change are integral to clinical governance. Despite orthopaedics
being slow to embrace quality improvement, recent years have seen global
improvements in the field. This review covers various aspects of learning and change
including: proxies of learning, learning curve analysis, simulation, outcome measures,
retrospective and prospective studies as well as time-series analysis. It summarises the
current evidence-base and identifies research questions that remain unanswered.

Citation: Valsamis EM, Sukeik M. Evaluating learning and change in orthopaedics: What is
the evidence-base? World J Orthop 2019; 10(11): 378-386
URL: https://www.wjgnet.com/2218-5836/full/v10/i11/378.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i11.378

INTRODUCTION
Learning and change are key elements of clinical governance, a framework through
which healthcare  organisations  are  accountable  for  continuously  improving the
quality of their services[1]. Historically, despite a growing interest within medicine,
orthopaedics has been slow to embrace quality improvement. However, in recent
years there has been a global  drive towards evidence-based improvement in the
quality of service provision[2], surgical education[3], and outcome research[4,5].

The  process  of  evaluating  learning  and  change  is  what  guides  improvement
strategy. We must accept that “not all change is improvement, but all improvement is
change”[6]. Proxies of performance and methods to analyse the change in performance
over time are core themes of current healthcare research and play a critical role in the
development of our specialty. This is evident in the increasing use of patient-reported
outcome measures (PROMs) to guide evidence-based care and in the use of learning
curve data as an assessment metric to promote self-regulated learning[7].

The aim of this review is to provide orthopaedic surgeons with an evidence-based
introduction to the evaluation of learning and change in this era of healthcare quality
improvement reform.

LEARNING

Proxies of learning
In  order  to  draw meaningful  conclusions  from data,  learning  variables  need  to
demonstrate high validity. Validity is “the extent to which an assessment measures
what it intends to measure”[8]. This is a judgment based on several factors, including
whether the variable correlates with other ‘gold standard’ measures.

Proxies of learning are largely divided into surgical process and patient outcome
variables. Surgical process variables include operative factors such as operative time,
intraoperative blood loss, implant alignment, and fluoroscopy dose. Patient outcome
variables  include  PROMs,  mortality,  morbidity,  length  of  hospital  stay,  and
transfusion requirement. A key systematic review by Ramsey and colleagues found
that operative time was the most commonly used proxy of learning[9]. Although this
variable is easily accessible, its validity in the context of learning is less robust. Global
rating scales for surgical procedures have been increasingly used to evaluate learning
in orthopaedic surgery, and are probably a better surrogate marker of learning[10]. In
particular, their combination with motion analysis seems to offer a valid proficiency
metric for arthroscopy simulators[11]. More work is required to directly compare the
validity of different proxies of learning in different orthopaedic procedures.

Learning curves
A learning curve is a graphical representation of the relationship between learning
effort and learning outcome[12]. It serves as a visual representation of the process of
learning and allows researchers to employ statistical techniques to draw conclusions
from the data. A typical learning curve resembles that of a negative exponential: With
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experience, a greater learning effort is required to produce the same improvement in
performance[13]. However, due to the high variability of surgical data, this is rarely the
case in practice. Researchers are then faced with interpreting highly variable data
from which to draw meaningful conclusions.

The most commonly employed technique to detect learning is the ‘split-group’
method[14]. The data is chronologically split into two or three consecutive groups of
arbitrary size, and groups are compared by t-tests or equivalent. Although simple,
this technique is fraught with bias and is increasingly disapproved by researchers. For
example, a recent systematic review investigating the learning curve of the Latarjet
procedure found that most included studies used the split-group method, and called
for more rigorous, continuous learning curve modelling techniques[15].

Although other methods for modelling learning curves do exist (e.g., cumulative
sum methods), the widespread use of mathematically valid regression techniques in
orthopaedics remains sparse[16]. Researchers have recently developed mathematically
rigorous segmented linear regression techniques that test multiple learning models
and applied  these  to  investigate  the  learning  curves  austerity  across  healthcare
systems of total knee and total hip replacements when using imageless navigation[17,18]

(Figures 1 and 2). Further studies are required to ensure that mathematically rigorous
learning curve techniques become commonplace when evaluating the learning curves
of new orthopaedic procedures. Indeed, accurate and informative learning curve
analysis is even more important in an era of centralisation of care, where difficult
procedures are increasingly reserved for supra-specialist, high-volume surgeons[19].

Simulation
The ongoing emphasis on patient safety in conjunction with reduced working hours
and financial austerity across healthcare systems has led to improved methods to train
surgeons  outside  the  operating  room[20].  Simulation-based  training  has  been
successfully incorporated into the general surgery training curriculum in the United
States[21], and randomised controlled trials (RCT) have proved its benefits[22]. The use
of  simulation  in  arthroscopy[23]  and  trauma[24]  is  increasing,  though  the  level  of
evidence for simulation studies in orthopaedics remains low with a lack of focus on
nontechnical  skills  and cost  analyses[25].  There are ongoing consultations to map
simulation to the trauma and orthopaedics postgraduate curriculum in the United
Kingdom[26]. A stronger drive is required to formally integrate simulation training
within orthopaedic residency training at an international level.

CHANGE
Change  in  outcomes  in  orthopaedics  can  be  considered  following  operative
intervention,  and by examining time-series  following system interventions.  The
measures of performance in both settings are similar and reflect the variables we
consider to lie  at  the core of  orthopaedic practice.  Although there is  a  degree of
overlap with variables used to measure learning, these are largely related to patient
outcomes and health economics.

Outcome measures
Prior to implementing and evaluating change, researchers must identify appropriate
measures to determine whether an intervention works[27]. Ideally, these should be part
of routinely collected data for quality improvement purposes. An example includes
the National Hip Fracture Database in the United Kingdom that routinely collects
standardised  outcome  data[28].  It  is  based  on  this  that  the  World  Hip  Trauma
Evaluation (WHiTE) study has  founded a  reliable  and organised framework for
comprehensive cohort studies on fragility hip fractures[29].

Patient  outcomes  in  orthopaedics  mainly  include  mortality,  postoperative
complications, infection, performance testing, and PROMs[30]. Of these there has been
a recent surge in PROMs research[31]. This is because PROMs lie at the heart of patient-
centred care. There is no surprise that health-related quality of life measures such as
the EuroQol are increasingly being employed to guide operative decision making in
trauma[29,32]. Simultaneously, there is a trend towards including patients in setting
research questions through priority setting partnerships[33], and patient and public
involvement is now indispensable to healthcare research[34]. Cost-utility, the financial
cost for health gain, is the variable that the National Institute for Health and Care
Excellence (NICE) uses when forming guidelines for healthcare provision. It is thus
very important that orthopaedic surgeons understand and incorporate cost-utility
analysis in their research[35].

Variables  used  to  evaluate  an  intervention  are  usually  divided  into  outcome
measures, process measures, and balancing measures[5,36]. Outcome measures monitor
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Figure 1

Figure 1  Learning curve for navigated total hip replacements. Segmented linear regression technique was employed to model learning[17]. Line-plateau model fits
the data best, with a plateau being attained at 12 operations.

how a  system is  performing,  process  measures  assess  the  implementation of  an
intervention,  and  balancing  measures  assess  unintended  consequences  of  the
intervention.

Once outcome measures are identified and data is collected, analysis of the data is
required to evaluate change.

Evaluating change
Operative intervention: Analysing change following operative intervention forms the
basis of retrospective and prospective research studies. The level of evidence for a
given study depends on a multitude of factors, most importantly study design[37].
There  are  three  types  of  outcome  variables:  Continuous  (e.g.,  operative  time),
categorical (e.g., presence or absence of a complication), and time-to-event (e.g., time
to revision of a joint replacement). Statistical tests comparing outcomes consider the
type of  variable  and can include parametric  (t-test)  and non-parametric  (Mann-
Whitney)  tests,  crosstabs (e.g.,  Chi-squared test  and Fischer’s  test),  and survival
analysis. These tests usually output a significance value (P-value) which is a measure
of the likelihood that the result was due to chance.

Increased focus is being placed on the minimal clinically important difference - the
smallest change in an outcome that a patient would identify as important, and which
would usually indicate a change in patient management. Even a very small change
can be shown to be statistically significant with a large enough sample size, but this
may not be important. There is significant variation in the reporting of sample size
calculations in orthopaedic literature[38] and until recently, reporting guidelines were
lacking.  Adoption  of  the  DELTA2  guidance  on  choosing  a  target  difference  and
reporting sample size in RCTs should improve this[39].
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Figure 2

Figure 2  Learning curve for navigated total knee replacements. Segmented linear regression technique was employed to model learning[17]. Line-plateau model
fits the data best, with plateau being attained at 26 operations.

RCTs are considered the gold-standard hypothesis-testing study design. This is
mainly because they allow for controlling of confounding variables that complicate
observational studies. Over the last decade there has been a surge in trauma trials on
an  international  scale,  starting  with  the  CRASH-2  trial  on  the  effectiveness  of
tranexamic acid in trauma[40]. Other large-scale randomised trials have followed suit,
investigating fixation of intracapsular neck of femur fractures[41],  fixation of distal
radius  fractures[42]  and  ongoing  research  on  the  optimal  timing  of  hip  fracture
surgery[43] to mention a few.

Although RCTs are excellent for answering certain research questions, retrospective
studies remain indispensable.  In the era of  information technology,  ‘Big Data’  is
becoming ubiquitous[44]. Using Big Data to identify research questions, guide efficient
targeting of resources and subsequently address these questions with randomised
trials may not be the exception in a few years. It is definitely appearing promising so
far[29]. One major limitation that will need to be addressed in future if RCTs are to
output the highest quality data is surgeon equipoise.  Surgeons are rarely in true
equipoise and they usually have a clear idea of what management option is the best
for a given patient. Although few would question the importance of decision making
in surgery, it can present an obstacle when patient randomisation is required[45]. This
must  be  addressed  through  improved  surgeon  education  and  standardised
randomisation processes.

Time-series analysis: A toolbox for detecting change: Many quality improvement
projects evaluate the effectiveness of an intervention by collecting data over time.
Data can be graphically displayed as control charts, also known as Shewart charts.
They are a statistical process control tool used to determine whether a system is in
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control and provide immediate feedback about performance[46].
Orthopaedic  surgeons  may  be  more  familiar  with  audit  cycles.  Audit  is  a

framework of quality improvement where performance is compared to a published
standard[47]. Part of this process includes introducing an intervention and assessing its
effectiveness by comparing performance before and after the intervention by simple
statistical group tests. Although ubiquitous in clinical orthopaedics and indeed in all
medical specialties, such approaches are sensitive to secular (background) trends.
Interrupted time-series (ITS) analysis is a useful tool for evaluating the effectiveness of
interventions where data  is  collected at  several  time-points  before  and after  the
intervention to determine whether any change could be explained by secular trends[48].
Cochrane  recommends  this  tool  to  evaluate  interventions[49]  and  several  recent
orthopaedic studies have employed this technique[50,51].

ITS does not come without limitations, and is known to display bias for detecting
change at the time of the studied intervention where other changes at different time-
points may be equally, if not more important[52,53]. Segmented linear regression models
have been developed for evaluating change in retrospective studies by enabling more
than one linear segment to describe the periods before and after an intervention. A
recent study employing this technique revealed that improvements in time to surgery
and 30-d mortality following hip fracture over a 6-year period were likely the result of
a  combination of  surgical,  anaesthetic,  and procedural  improvements  over time,
rather than due to the introduction of a dedicated hip fracture unit[53]  (Figure 3).
Future work is required to determine the optimal way to describe retrospective time-
series: How many linear segments should be used, and how to best model binary
outcomes.

CONCLUSION
Learning and change are integral to quality improvement and surgical education, and
strongly influence the development of our specialty. The orthopaedic community has
seen several improvements in PROMs research, learning curve analysis, randomised
trial design, and time-series analysis.

Future  work  is  required  to  improve  and  standardise  learning  variables  and
formally  implement  simulation  in  orthopaedic  residency  education.  Global
collaborative research networks are developing but integrating randomised trials with
Big Data on an international scale to improve orthopaedics will require a concerted
effort.
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Figure 3

Figure 3  Time to surgery for neck of femur fractures. The vertical dashed line marks the onset of a dedicated hip fracture unit. The line-plateau is the best-fitting
linear model for the entire period: the line has equation y = −0.0414t + 40.1868; plateau at y = 24.7033 reached after 375 d. The initial drop may be related to the
introduction of the Best Practice Tariff. The hip fracture unit did not significantly affect time to surgery[53].
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Abstract
BACKGROUND
There is paucity of literature focusing on the incidence and surgical management
of syndactyly. In this study, we describe the incidence and rates of surgical
management of patients with syndactyly in New York State.

AIM
To describe the incidence and surgical management of patients with syndactyly
using an America's population-based database.

METHODS
We conducted a retrospective study using the New York State Statewide
Planning and Research Cooperative System. All patients with a diagnosis of
syndactyly at birth were identified and followed longitudinally to determine
yearly incidence as well as demographic and surgical factors. Descriptive
statistics and univariate analyses were used.

RESULTS
There were 3306 newborns with a syndactyly diagnosis between 1997 and 2014 in
New York State. The overall incidence was 0.074% or 7 cases per 10000 live births.
A small number of patients underwent surgical correction in New York State (178
patients, 5.4%). Among the surgical patients, most of the operations were
performed before the age of two (79%). Approximately 87% of surgeries were
performed at teaching hospitals, and 52% of procedures were performed by
plastic surgeons. Skin grafting was performed in 15% of cases. Patients having
surgery in New York State were more likely to have Medicaid insurance
compared to patients not having surgery (P = 0.02).

CONCLUSION
Syndactyly occurs in approximately 7 per 10000 live births, and the majority of
patients undergo surgical correction before age two. There may be several
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barriers to care including the availability of specialized hand surgeons, access to
teaching hospitals, and insurance status.
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Core tip: There is paucity of literature focusing on the incidence and surgical
management of syndactyly. In our study, we found the incidence of syndactyly to be 7
cases per 10000 live births in New York State, and the majority of patients underwent
surgical correction before age two. Most patients did not receive surgical care in New
York State, indicating there may be barriers to care such as the availability of specialized
hand surgeons, access to teaching hospitals, and insurance status. Additional study is
needed to better understand outcomes after surgical management of syndactyly.
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INTRODUCTION
Syndactyly is a congenital anomaly characterized by an abnormal connection between
adjacent  digits[1].  Syndactyly  is  considered to  be  one  of  the  most  common hand
malformations[2]; however, there is limited epidemiologic data in the literature[3]. The
incidence of syndactyly is most commonly reported to be as low as 2 per 10000 live
births, but it has also been reported to be as high as 1 per 2000 to 3000 live births[4-9].
However, the majority of these studies have been hospital-based or extrapolated from
clinic  visits[10].  A study using Swedish national  registries  found the incidence of
differentiation anomalies to be 10.5 per 1000010, and a study from Western Australia
reported the incidence of all upper extremity anomalies to be 1 in 506 with failure of
differentiation being the most common anomaly[11].  However, syndactyly was not
specifically  identified  as  a  subgroup  in  either  study.  A  recent  study  found  the
prevalence of syndactyly to be 1.3 per 10000 in New York State; however, this study
focused on disease prevalence and used a congenital malformations registry that is
susceptible to underreporting[12].

Surgical management for syndactyly may be performed as early as 6 mo of age, but
it is frequently performed between 12 to 18 mo of age[13]. Surgery is not recommended
in children under the age of 6 mo due to the inherent anesthetic risk, but it should not
be performed too late due to the potential risk of abnormal development of cerebral
cortex patterns and the effect on adjacent digits[2,13,14]. While acceptable results have
been reported with delaying surgery until  age 4  or  5[13],  surgical  management is
typically  recommended  between  2  and  3  years  of  age  for  optimal  outcomes[2].
Outcomes  are  satisfactory  in  the  majority  of  cases[15,16].  However,  an  increase  in
complications and re-operation rates has been previously associated with age, other
ipsilateral  hand  anomalies,  and  split-thickness  skin  grafting[2,4,15].  Given  the
importance of timely surgical management, issues relating to access of care such as
insurance status, geographic factors, and availability of specialized hand surgeons
may influence patient outcomes, but these factors have not been previously studied.
Several  barriers  to  care  for  congenital  conditions  have  been  described  in  other
specialties  including  patient  education  level,  accessibility,  and  socioeconomic
factors[17]. In addition, insurance status and distance to care are known to be important
barriers to care in pediatric surgical care[18-20].

As a whole, there is a paucity of epidemiologic studies using modern, population-
based databases. Furthermore, it is not known when these children are undergoing
operative management and whether social or demographic factors limit access to care.
In this study, we use a state database to describe the incidence of syndactyly in the
state  of  New York.  We  also  describe  the  age  at  which  children  are  undergoing
surgery, and whether insurance status or access to care is associated with operative
management. We hypothesize that the disease incidence will be low and the majority
of  children  will  have  surgery  before  age  two.  In  addition,  we  hypothesize  that
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insurance status and access to care are potential  barriers to care in patients with
syndactyly.

MATERIALS AND METHODS
A retrospective study was conducted using the New York Statewide Planning and
Research Cooperative System (SPARCS) database. SPARCS is a comprehensive data
reporting system established in 1979 that collects patient level data for each inpatient
stay, ambulatory surgery procedure, and emergency department admission from non-
federal healthcare facilities in New York State.

Newborn admissions from 1997 to 2014 with an International Classification of
Diseases,  Ninth  Revision,  Clinical  Modification  (ICD-9-CM)  diagnosis  code  for
syndactyly  (755.1X)  were  identified.  We  included  patients  with  simple  and
complicated  syndactyly,  and  excluded  patients  with  unknown  sex  or  non-NY
residence. Data regarding patient sex and insurance status were obtained from the
newborn admission record. Annual incidence for the overall study period and each
year  individually  was  calculated  by  dividing  the  number  of  newborns  with
syndactyly by the total number of live births in New York State each year. Annual live
birth counts for 1997 to 2014 were obtained from the New York State Department of
Health Vital Statistics website.

Current pocedural terminology (CPT) codes (26560, 26561, 26562, 28280, 28345) and
ICD-9-CM procedure codes (86.85) were used to determine whether the identified
newborns had a subsequent syndactyly-related procedure. Variables obtained from
the surgery visit  were  age at  time of  surgery,  additional  procedures  performed,
surgeon license number, and hospital identifier. We used CPT codes (14301, 15120,
15200, 15240, 15241, 15760) and ICD-9-CM procedure codes (86.61, 86.62, 86.63, 86.69,
86.70, 86.72, 86.73, 86.89) to determine whether patients having syndactyly surgery
had concomitant skin grafting procedures. In addition, surgeon license number was
used to obtain surgeon specialty information by querying state and public databases
or the professional and personal websites for the surgeon. Hospital identifier was
used to obtain information on residency accreditation for the institution from the
American Hospital Association Annual Survey database. Hospitals with residency
accreditation were classified as teaching hospitals.

Univariate comparisons between syndactyly patients with and without surgical
treatment  were performed using the Chi-Square test.  A geographic  heat  map of
syndactyly procedure frequency was generated with SAS PROC GMAP. Data analysis
were  performed  using  SAS  9.4  (SAS  Institute,  Inc.,  Cary,  NC,  United  States).
Significance level was set at 0.05.

RESULTS
From 1997 to 2014 there were 3306 cases of syndactyly in New York State (Table 1).
The annual incidence ranged from 0.062% to 0.085% with an overall incidence of
0.074% (1 per 1350 live births) (Figure 1). There were 1164 females (35%) and 2142
males (65%) in the cohort.

Of these patients, 178 patients (5%) had a syndactyly procedure in New York State.
Approximately 67% of these patients were male (119 cases) and 33% were female (59
cases). Forty-four percent of these patients had a syndactyly surgery before age one
(78 cases); 35% had surgery at age one (63 cases); and 21% at or after age two (37
cases). There was an equal mix of Medicaid and private insurance (47% each).

Almost  all  surgeries  (183)  were performed in New York County (Manhattan),
Monroe County (Rochester),  Albany County (Albany),  Westchester County,  Erie
County (Buffalo), Bronx, and Kings County (Brooklyn) (Figure 2). Approximately,
87% of cases were performed at teaching hospitals, and slightly more than half of
syndactyly  releases  were  performed  by  plastic  surgeons  (52%)  followed  by
orthopaedic  surgeons  (42%).  In  addition  to  syndactyly  release,  skin  grafting
procedures were also performed in 35 cases (15%).

Some significant differences were noted between patients that did and did not
undergo surgery in New York State (Table 1). Patients having surgery in New York
State were more likely to have Medicaid insurance compared to patients who did not
have surgical treatment in New York (47% vs 37%, P = 0.02). However, there were no
significant differences in sex between patients that did or did not have surgery in
New York State (P = 0.55).
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Table 1  Patient demographic information of those with and without syndactyly procedures

Syndactyly patient
without release
procedure in NYS

Syndactyly patient
with release
procedure in NYS

Total P value

n % n % n %

Total 3128 94.62 178 5.38 3306

Age at surgery -

0 - - 78 43.82

1 - - 63 35.39

2 + - - 37 20.79

Sex 0.55

Male 2023 64.67 119 66.85 2142 64.79

Female 1105 35.33 59 33.15 1164 35.21

Insurance 0.02

Private 1779 56.87 83 46.63 1862 56.32

Medicaid 1149 36.73 84 47.19 1233 37.3

Other 200 6.39 11 6.18 211 6.38

NYS: New York State.

DISCUSSION
Syndactyly occurs in 7 per 10000 live births in New York State. The reported incidence
in this study is higher than some previous reports[4-8], and the higher incidence in New
York State may reflect an increasing incidence, population differences, or increase in
reporting of this condition. There are varying reports of syndactyly incidence in the
literature ranging from 2 to 10 per 10000 live births[4-8,10,11], and this study provides an
estimate of incidence in an American population.

Only 5.4% of  patients  had syndactyly surgery in New York State.  Among the
surgical patients, most of the operations were performed before the age of two, and a
minority of patients needed skin grafting. While surgical release is the recommended
treatment  for  syndactyly  and re-operation rates  are  well-published[21-24],  there  is
limited data on the rates of surgery. Due to the paucity of studies on rates of surgery,
we are unable to compare our surgical rates to other populations.

The vast majority of patients with a diagnosis of syndactyly in New York State did
not  have  surgery  in  the  state.  This  finding  suggests  that  patients  are  either  not
undergoing surgical repair or, more likely, they are traveling out of state for care.
There are several factors that may affect access to care, including the availability of
specialized hand surgeons; proximity to urban medical centers and teaching hospitals;
as  well  as  socioeconomic  factors  and insurance  coverage.  More  specifically,  the
majority of syndactyly surgeries in New York State are performed by plastic surgeons
in urban, teaching hospitals.

Furthermore, payer data shows that patients having surgery in New York State
were  more  likely  to  have  Medicaid  insurance  compared  to  patients  not  having
surgery. One possible reason for this might be that patients with private insurance
and possibly higher socioeconomic status may be leaving the state to receive care at
specialized centers.  This  finding underscores the need for  greater  availability of
surgical care for the treatment of congenital hand differences in New York State.

This study has several strengths. Firstly, it is a large study that includes all patients
in New York State with a diagnosis of syndactyly at birth. This data provides an
epidemiologic  assessment  of  incidence  and  surgical  management,  and  to  our
knowledge, this is the first study focusing specifically on the incidence of syndactyly
in an American population. Recently, Goldfarb et al[12]  reported the prevalence of
congenital hand anomalies using the New York Congenital Malformations Registry,
however, their study focused solely on disease prevalence; used a database that does
not require confirmation of diagnosis; and they specifically note the potential for
underreporting of syndactyly in their database. Furthermore, we are able to describe
the surgical management for patients with syndactyly in our study, as well as explore
factors that may affect management. Several of these factors have not been previously
investigated, and our findings can be used to generate additional studies focusing on
surgical management and access to care.
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Figure 1

Figure 1  Syndactyly incidence over time.

However, this study has several weaknesses as well. First of all, our study is limited
by the limitations of any study utilizing an administrative database. For example, our
results are susceptible to errors in reporting and coding, and the available data is less
granular in nature and limited to care provided in New York State. Similarly, we used
syndactyly-specific CPT codes and ICD-9-CM procedure codes to identify surgical
treatment, and it is possible that we did not capture all procedures for syndactyly if
they  were  performed  in  conjunction  with  other  procedures  or  having  more
procedures than are retained in the record. In addition, we do not have access to any
clinical or patient-reported outcome measures to determine outcomes after surgery.
However,  several  previous  studies  have  investigated  re-operation  rates  and
complications associated with surgical management[22-24].  Lastly,  these results are
specific to patients residing in New York State and it is unclear whether these results
are  generalizable  to  other  populations.  However,  our  study  provides  useful
information  on  the  cohort  of  patients  with  syndactyly  that  were  managed with
surgery in New York State.

In conclusion, this study shows that the incidence of syndactyly is relatively high at
7 per 10000 live births. Most patients who underwent surgical treatment in New York
State were under age two at the time of surgery; however, the majority of patients
from  New  York  State  likely  receive  care  elsewhere.  The  low  rates  of  surgical
management  in  New  York  State  may  be  due  to  barriers  to  care  including  the
availability  of  pediatric  hand surgeons,  proximity to  urban medical  centers  and
teaching  hospitals,  and  insurance  status.  These  factors  underscore  the  need  for
specialized  surgical  care  in  New York  State,  and  they  should  be  considered  by
healthcare officials for resource management and planning. Additional research is
needed to specifically understand the low rates of surgical management in New York
State, as well as determine the outcomes of surgery in this population.
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Figure 2

Figure 2  Geographic distribution of syndactyly procedures in New York State.

ARTICLE HIGHLIGHTS
Research background
There is paucity of literature focusing on the incidence and surgical management of syndactyly.
In  addition,  very  few  epidemiologic  studies  have  used  modern,  statewide  databases  to
understand the incidence of disease in the United States.

Research motivation
It is important to understand the incidence and surgical management of an important congenital
hand anomaly. It is also important to understand rates of surgical management and potential
barriers to care.

Research objectives
In this study, we describe the incidence and surgical management of patients with syndactyly in
New York State using a statewide database. This study helps to identify the incidence of disease,
rates of surgical management, and potential barriers to care.

Research methods
We conducted a retrospective study using the New York State Statewide Planning and Research
Cooperative System database. We identified newborn records with a diagnosis of syndactyly to
determine annual incidence, and searched subsequent records to determine rates of surgical
management. Descriptive statistics and univariate analyses were performed on demographic
and surgical information contained in the database.

Research results
We identified 3306 cases of syndactyly between 1997 and 2014 in New York State. The overall
incidence was 0.074% or 7 cases per 10000 live births. In total, 178 patients underwent surgical
management in New York State and 79% of patients were under the age of two at the time of
surgery. Approximately, 87% of surgeries were performed at teaching hospitals, and 52% of
procedures were performed by plastic surgeons. Patients having surgery in New York State were
more likely to have Medicaid insurance compared to patients not having surgery.

Research conclusions
Syndactyly  occurs  in  approximately  7  per  10000  live  births,  and  the  majority  of  patients
undergoing surgical correction are treated before age two. There may be several barriers to care
including  the  availability  of  specialized  hand surgeons,  access  to  teaching  hospitals,  and
insurance status.

Research perspectives
Additional research is needed to determine the incidence of syndactyly in other populations,
understand the low rates of surgical management in New York State, and describe the outcomes
of surgery in this population. Statewide databases are well-suited for these types of studies.
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Abstract
BACKGROUND
Magnetically controlled growing rods (MCGR) are a novel treatment option for
early onset scoliosis (EOS). Although the complication profile with MCGR use
has been reviewed, these reviews do not take into account important implants
modifications, termed iterations, that were made due to early on postoperative
complications is not well reported or understood.

AIM
To assess the effect of MCGR implant iterations on post-operative complications
in EOS.

METHODS
A systematic review was performed to identify studies investigating MCGR
specifically for the treatment of EOS, refined to those reporting the implant
iteration, specifically the incorporation of the keeper plate to the implant design.
Articles with mixed implant iteration usage were excluded. Complications
following surgery were recorded as well as potential risk factors and compared
between implant cohorts.

RESULTS
Although 20 articles were identified for inclusion, 5 included mixed implant
iteration leaving a total of 271 patients identified through 15 clinical studies that
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met inclusion criteria. The average follow-up was 25.4-mo. Pre-keeper plate
implants were utilized in 3 studies with a total of 49 patients. Overall, 115 (42.4%)
post-operative complications were identified, with 87% defined as major. The
addition of the keeper plate significantly decreased the rate of post-operative
complications per study (35.7% vs 80.6%, P = 0.036), and the rate of distraction
failure (8.1% vs 40.8%, P = 0.02). Unplanned reoperation occurred in 69 (26.7%)
patients but was not different between implant iteration cohorts (25.5% without
keeper plate vs 27.1% with keeper plate, P = 0.92).

CONCLUSION
MCGR for EOS has a cumulative complication rate of 42.4% but this is
significantly reduced to 35.7% when reviewing only keeper-plate enabled
implants. However, 25% of published articles included mixed implant iterations.
Future studies should discern between implants iterations when reporting on the
usage of MCGR for EOS.

Key words: Complications; Early onset scoliosis; Magnetically controlled growing
instrumentations; Keeper plate; Reoperation; Systematic review

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Magnetically controlled growing rods (MCGR) are a novel treatment approach
for early onset scoliosis which is gaining increases clinical usage. Since its introduction,
numerous modifications have been implemented to improve the performance of the
construct, however, these modifications are often over-looked in current published
series. This study evaluated the effect of the addition of the keeper plate to MCGR,
finding that it had a significant impact on decreasing the rate of post-operative
distraction failures. Despite the impact of this modification, 25% of published articles
included mixed implant designs in their series, potentially inflating reported
complication rates.

Citation: Shaw KA, Hire JM, Kim S, Devito DP, Schmitz ML, Murphy JS. Magnetically
controlled growing instrumentation for early onset scoliosis: Caution needed when
interpreting the literature. World J Orthop 2019; 10(11): 394-403
URL: https://www.wjgnet.com/2218-5836/full/v10/i11/394.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i11.394

INTRODUCTION
Early  onset  scoliosis  (EOS)  is  a  complex  entity  that  has  seen an evolution in  its
approach to surgical intervention from early definitive fusion, to non-fusion technique
that allow and facilitate continued spinal growth[1]. Magnetically controlled growing
rods (MCGR) are one such non-fusion approach that has gained interest and support
since its introduction in 2007[2]. MCGR has been found to be a safe and effective non-
fusion treatment for EOS[3-5],  with equivalent curve correction and thoracic height
growth as compared with traditional growing rods (TGR)[6]. Clinical reports, however,
on the outcomes and complications of MCGR have been limited to case series and
cohort studies with limited patient numbers[2-23].

Thakar et al[24] preformed a retrospective review of reported studies using MCGR
for  the  treatment  of  EOS.  From  an  identified  15  studies  including  336  children
undergoing MCGR insertion, they identified a mean complication rate of 44.5%, with
33% of children undergoing an unplanned reoperation. However, the timeline of
these studies included spanned a seven year period since the introduction of the
implant[24].  Over  this  period,  the  manufacturers  made  several  alterations  to  the
implant design, consisting first of the addition of a keeper plate in 2010 to the actuator
to decrease the incidence of lost distraction, followed by alterations to the welding
process in 2012, as well as expanded size options in the rod and actuator[2,25].

Early  reports  identified  a  high rate  of  loss  of  distraction  due to  the  magnetic
lengthening mechanism being unable to maintain the rod in the lengthened position.
Due to the rotatory mechanism of lengthening, this inability to lock the rod in the
lengthened position, the actuator was prone to unwind and shorten resulted in a loss
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of distraction[2,25].  To combat this,  a magnetic lock,  the keeper plate,  was applied
around the lengthening mechanism to maintain the rod in place at its desired length
and prevent  the rod collapse identified in the early implant  iterations,  Figure 1.
However, the efficacy of the keeper plate to decrease the rate of loss of distraction has
not been previously reported.

The aim of this study is to examine the reported literature on the reporting of
implant  iterations  as  well  as  its  effect  on  the  post-operative  complication  rates
following MCGR implantation for the treatment of EOS, specifically the effect of the
addition of the keeper plate. We hypothesized that the reporting of implant iteration
would be limited and the rate of postoperative complications, specifically the rate of
distraction  loss,  would  be  significantly  lower  in  children  treated  with  implants
containing a keeper plate.

MATERIALS AND METHODS

Literature search
After obtaining institutional review board approval,  a comprehensive systematic
review was conducted using an internet-based search beginning with queries into the
MEDLINE database for all articles between January 1, 1967 and February 1, 2018. The
search  terms  included:  (1)  “early  onset  scoliosis”;  (2)  “magnetically  controlled
growing  rods”;  (3)  “scoliosis”;  and  (4)  “magnetically  controlled  growing  rods
complications”.  The preferred reporting items for  systematic  reviews and meta-
analyses protocol was followed for data analysis and synthesis[26].

Study selection
The abstracts  of  all  identified articles  were  subsequently  analyzed to  determine
relevance to complications associated with MCGR for early-onset scoliosis. Articles
were excluded for one or more of the following criteria: Literature review or expert
opinion, publication in non-English language, published prior to the year 1967, did
not  include  pediatric  patients,  included  fewer  than  3  patients,  implanted
instrumentation other than MCGR. Studies reported from the same institution were
further  scrutinized  to  determine  if  overlapping  patient  cohorts  were  reported,
excluding studies with shorter average follow-up.

A total of 49 articles were identified for further review. The full manuscripts of the
remaining studies were then reviewed for  the following inclusion criteria:  Peer-
reviewed  clinical  studies  of  level  I  to  IV  evidence,  involving  pediatric  patients
undergoing  surgery  for  implantation  of  MCGR,  and  reporting  the  number  of
perioperative complications and unplanned procedures. The references of all articles
were cross-referenced as well for any additional articles that were not found on the
initial search. The patient cohorts of studies with the same authors and/or institutions
were scrutinized to ensure that no redundant data was collected.

Articles were further reviewed to determine the iteration of implant utilized. Since
its introduction, there have been 7 main alterations to the implant design with the
earliest change being the addition of a keeper plate, introduced in 2010, to correct
early issues with loss of distraction[2,25]. Articles were reviewed to delineate between
series with and without the keeper plate based upon either direct report or time
period reviewed in each study. For studies that did not specify the iteration of implant
used, surgical dates were reviewed with years before 2010 defined as pre-Keeper plate
series. Studies with mixed implants utilized were included in the analysis if they
included > 80% of procedures with a specific  implant.  Studies with overlapping
surgical dates were excluded.

Patient demographics (age, gender, curve etiology), construct design (number of
rods  implanted,  technique,  anchors  placed),  and  the  frequency  and  number  of
lengthening’s were extracted from each article. Complication rates were recorded for
each study.  Complications  were  classified  as  either  major  or  minor,  with  major
complications defined as complications necessitating cessation of treatment (failure of
distraction) or revision surgery (implant failure to include rod breakage, screw pull-
out, proximal junctional kyphosis, deep surgical site infection, or sequela that did not
resolve without  significant  interventions).  Minor  complications were defined as
prominent  hardware,  superficial  surgical  site  infection,  or  issues  that  required
minimal intervention without repeat surgical intervention. Reoperation or need for
revision surgery was recorded as a separate variable.

Data analysis was performed using SPSS statistical package version 24 (SPSS Inc,
Chicago, IL, United States). Significance was set at P < 0.05. Descriptive statistics were
generated. Univariate analyses were used to compare overall complication rates by
implant iteration, specific complication rates, and to identify risk factors for post-
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Figure 1

Figure 1  Clinical and radiographic image of a magnetically controlled growing rod after sectioning. A: Clinical
image of a magnetically controlled growing rod after sectioning; B: Radiographic image of a magnetically controlled
growing rod after sectioning. The keeper plate (label c) is seen in its position around the magnet (label b). The Figure
is adapted from Panagiotopoulou et al[31].

operative complications.

RESULTS
A total  of  49  studies  were identified for  manuscript  review.  After  review of  the
manuscripts,  26  were  excluded (7  mechanical  failure  studies,  6  cost  comparison
studies, 3 imaging studies, 2 case reports, 2 editorial, 2 non-human studies, 2 animal
studies, 1 case series, and 1 review article). Of the remaining 23 clinical articles, 3
additional  studies  were  excluded  (1  each  with  insufficient  patient  number,
overlapping patient samples, combined MCGR/Shilla technique) leaving 20 clinical
studies for review. Of these 20 studies, an additional 5 studies were excluded due to
mixed implant iterations leaving 15 studies that met inclusionary criteria, consisting
of 11 case series and 4 cohort studies, Figure 2.

From the 15 clinical articles, a total of 271 children were identified (7.87 years ± 1.54
years,  46.8%  male)  with  an  average  of  26.4-mo  follow-up.  Curve  etiology  is
summarized in Table 1, with idiopathic (32.8%) reported as the most common, and an
average curve magnitude of 61.3 degrees. Pre-keeper plate implants were utilized in 3
studies with remaining 12 post-Keeper plate implants. The majority of cases were
primary MCGR implantations (74.7%) vs conversion procedures (25.2%). Dual rod
instrumentation (76.4%) was the most common construct, with children undergoing
an average of 7.85 lengthening’s.

From  the  identified  271  children,  115  (42.4%)  experienced  a  post-operative
complication, Table 2. Of the 115 complications, 95 (82.6%) were defined as major,
with an average major complication rate of 80% per study. Complications were not
subdivided according to curve etiology. Failure of distraction was the most common
complication, occurring in 14% of children, followed by implant failure (including rod
breakage and implant failure not otherwise characterized) in 8.86%, and screw/hook
pullout (8.12%), Table 2. Of the 115 children with a postoperative complication, 69
patients  (27.9% of  overall  cohort)  required an unplanned reoperation.  The most
common reason for reoperation was the inability to distract (n  = 20), followed by
proximal instrumentation pullout with or without proximal junctional kyphosis (n =
19), rod breakage (n = 19), wound dehiscence/infections (n = 6), prominent hardware
(n = 2), and 3 unlisted procedures.

Univariate analysis of complications between implant iterations identified that
complication rates significantly decreased with the addition of the keeper plate (35.7%
vs 80.6%, P = 0.036, Table 2). Additionally, there was a statistically significant decrease
in the rate of distraction failure in the keeper plate cohort (8.1% vs 40.8%, P = 0.02).
There  was not  difference in  reoperation rates  between implant  iteration cohorts
(25.5% without keeper plate vs 27.1% with keeper plate, P = 0.92). Identified studies
did  not  provide  information  for  revision  surgeries  according  to  type  of
instrumentation (single rod vs dual road), or by proximal anchor type (rib vs spine) or
number of proximal anchor points. Given the paucity of available data, a subgroups
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Figure 2

Figure 2  The preferred reporting items for systematic reviews and meta-analyses flowchart depicting protocol for reviewing studies considered for
inclusion. PRISMA: Preferred reporting items for systematic reviews and meta-analyses.

analysis was foregone. Summary of articles included for analysis is shown in the
Table 3.

DISCUSSION
Through this systematic review, we identified that children treated with all types of
MCGR implants  for  EOS have a 42.4% rate of  postoperative complications at  an
average of 26.4-mo follow-up after implantation, with failure of distraction being the
most  common  complication  seen  in  14%.  The  implant  iteration  was  found  to
significantly  affect  complication  rates  with  the  keeper  plate-enabled  implants
significantly decreasing the rate of postoperative complications (35.7% vs  80.6%).
However, of the 20 studies published at the time of this review, 25% included mixed
implants iterations in their retrospective reviews.

Complications in the treatment of EOS are not infrequent, given the patient age and
the  necessity  to  accommodate  continued  growth  of  the  thorax  and  spine.  TGR
instrumentation  preceded  MCGR  in  the  treatment  of  EOS,  with  well-reported
complication profiles. Bess et al[27] reported that 58% of patients developed at least one
complication during their treatment duration, with higher rates of complications with
the  use  of  single  rod  fixation,  decreasing  patient  age,  and with  each  additional
lengthening procedure. Yang et al[28] identified underlying scoliosis etiology, prior rod
failure, single rod constructs, stainless steel rods, small diameter rods, and tandem
connector  variables  as  risk  factors  for  rod  failure  with  TGR.  Additionally,  the
requirement for repeat surgical interventions for lengthening increase the rate of
wound and other complications 24% for each additional lengthening procedure[28].

MCGR was developed in an attempt to meet the need for continued spinal growth
and  curve  correction  while  attempting  to  decrease  the  risk  of  post-operative
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Table 1  Summary of patient and surgery characteristics for identified patients undergoing
magnetically controlled growing rods instrumentation, n (%)

Items

Curve etiology

Idiopathic 89 (32.8)

Congenital 43 (15.9)

Syndromic 68 (25.1)

Neuromuscular 63 (23.2)

Neurofibromatosis 8 (2.9)

Type of surgery

Primary 195 (74.7)

Conversion 66 (25.3)

Unspecified 10

Type of instrumentation

Single rod 64 (23.6)

Dual rod 207 (76.4)

complications.  MCGR  functionally  lengthens  the  spinal  construct  through  the
application of an external magnet which induces a rotatory motion to the actuator,
which  is  threaded,  resulting  in  elongation[2].  Akbarnia  et  al[6]  performed a  case-
matched comparison of children with EOS treated with MCGR and TGR, finding
equivalent curve correction and thoracic height gain. Although the MCGR cohort had
less overall surgical procedures, the incidence of unplanned reoperation secondary to
post-operative complications was not  affected,  with 75% of  MCGR reoperations
occurring secondary to unspecified implant failures.

Unique  to  MCGR  is  the  risk  of  rod  distraction  failure[29],  which  accounts  for
between  25%-35%  of  unplanned  surgical  procedures[4,29].  The  current  findings
reinforce  previous  studies[24],  that  these  instances  are  not  isolated,  with  loss  of
distraction  accounting  for  33%  of  all  complications,  and  28.9%  of  reoperations.
Numerous mechanisms for distraction failure have been identified in the literature, to
include: Fracture of the actuator pin, wear of the extending bar, debris in the actuator,
damage to the radial bearings, and O-ring seal failure[30,31]. Loss of distraction ranged
in the reported articles, accounting for between 0% to 100% of complications, and
affect ing  between  0%  and  100%  of  pat ients/series  (average  14.86%
patients/series)[2-22,29,32].

The only identified risk factor for complication was the use of a pre-keeper plate
implant,  with  an  80.6% complication  rate  compared with  35.7% in  keeper  plate
enabled implants. The necessity for the keeper plate was identified early following the
induction of MCGR due to tendency for the actuator to unwind and shorten resulted
in a loss of distraction[2,25].  To combat this, a magnetic lock, the keeper plate, was
applied around the lengthening mechanism to maintain the actuator in the desired
lengthen position and prevent rod collapse[25]. With regard to distraction failure, this
decreased to a rate of 8.1% from 40.8% with the introduction of the keeper plate. This
data indicates that the keeper plate was successful as designed to lock the magnetic
actuator in its lengthening position, resisting the tendency to unwind and shorten
following distraction.

An important implication of this data is in the future reporting of clinical outcomes
of MCGR and the synthesis of the current published literature in systematic reviews.
Since  the  introduction  of  MCGR  technology,  the  product  has  gone  through  a
continual process of quality improvement, evident by the seven iteration changes to
date[1,9]. This study is the first to report on the effect these iteration changes have on
post-operative complications,  specifically the introduction of  the keeper plate to
reduce rod distraction failure. Despite this fact, 25% of the published clinical articles
included  mixed  implant  iterations  in  their  analysis.  Given  these  significant
differences, future studies and systematic reviews need to include implant iterations
in  their  data  reporting  and  analysis  for  postoperative  complications  to  avoid
contaminating the results of more recent MCGR implant iterations.

This study is not without its limits. As a systematic review, the strength of the
findings are solely dependent on the quality and rigor of the studies included in the
analysis, which in this instance is comprised largely of level IV case series and four
level  II  cohort  studies.  As  a  newer  surgical  technique,  there  is  also  the  risk  for
performance bias between the 2 study cohorts, which could also impact the rate of

WJO https://www.wjgnet.com November 18, 2019 Volume 10 Issue 11

Shaw KA et al. Complications with MCGR

399



Table 2  Summary of hardware related complications following magnetically controlled growing
rods instrumentation for early onset scoliosis

Complication rate Without keeper plate With keeper plate

Overall complication rate/study 35.6% (n = 115) 80.61% (n = 38) 35.65% (n = 77)

Major complications n = 95 n = 32 n = 63

Cumulative Complications

Distraction failure 14.0% (n = 38) 40.8% (n = 20) 8.1% (n = 18)

Implant failure 8.86% (n = 24) 18.36% (n = 9) 6.76% (n = 15)

Screw pull-out 8.12% (n = 22) 4.1% (n = 2) 9.0% (n = 20)

Infection 2.2% (n = 6) 2.04% (n = 1) 2.25% (n = 5)

Prominent hardware 2.58% (n = 7) 14.28% (n = 7) 0% (n = 0)

Proximal junctional kyphosis 2.58% (n = 7) 0% (n = 0) 3.15% (n = 7)

Wound dehiscence 0.74% (n = 2) 0% (n = 0) 0.9% (n = 2)

postoperative complications. This is further confounded by the temporal relationships
between included studies.  The concern for overlapping patients in the identified
studies was mitigated by close inspection of the study methods. However, several
studies reported data from multi-center databases[1,2,15,18]  and as such, the risk for
overlapping information is present.

A number of the identified risk factors for post-operative complications, include
patient age, curve etiology, number, and type of proximal and distal fixation points,
as  well  as  type  of  implantation  (primary  vs  conversion),  were  not  able  to  be
investigated due to a lack of reporting in the original studies. The average follow-up
in this review consisted of 26 mo. Given that the average patient age at time of MCGR
implantation was 7.87 years, these results do not account for the full extent of the
child’s treatment course and may underestimate the long-term complication profile.
Additionally, there is no standard method for reporting complications for children
treated with MCGR, leading to variable methods of reporting in the identified studies.

Given these identified deficiencies in standardized complication reporting, we
recommend future studies also consider MCGR complication reporting according to
patient  and treatment  variables  (underlying  diagnosis,  number  of  rods,  type  of
implantation,  type  and  number  of  proximal  anchorage  points,  occurrence  of
complication  by  number  of  lengthenings)  and  classify  complications  into  the
following categories: Permanent mechanical distraction failure, temporary distraction
failure, rod breakage unrelated to the distraction mechanism, proximal anchorage
failure,  infectious/wound  complication,  and  hardware  prominence.  These  six
categories  represent  the  most  common post-operative  complications,  while  also
identifying complications requiring an alteration in the planned treatment course.

In  conclusion,  this  systematic  review identified that  271  children undergoing
MCGR implantation for the treatment of EOS, resulting in a cumulative 42.4% rate of
post-operative  complications,  87% of  which required a  cessation in  the  planned
treatment course or a reoperation. The introduction of the keeper plate significantly
decreased the rate of post-operative complications to 35.7% and the rate of distraction
failure. However, of the 20 clinical articles reporting on the outcomes of MCGR in
EOS, 25% included mixed implant iterations highlighting the need for strict. Further
research is needed to investigate the effects of subsequent implant iterations as well as
the long-term outcomes of treatment.
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Table 3  Summary of articles included for analysis

First author Yr Keeper plate? # Of patients Primary surgeries Revisions % Male Age at surgery (yr) Curve magnitude

Hickey[8] 2014 Y 8 4 4 75% 4.5 59.25

Akbarnia[6] 2014 N 12 12 0 42% 6.8 59

Lebon[4] 2017 Y 30 25 5 53% 9.1 66

Akbarnia[2] 2013 N 14 14 0 50% 8.83 60

Thompson[17] 2016 Y 19 11 8 53% 9.1 62

Heydar[14] 2017 Y 16 16 0 37.5% 7.83 62

Heydar[3] 2016 Y 18 18 0 39% 7.3 68

Yılmaz[18] 2016 Y 8 5 3 25% 10.6 ---

Keskinen[16] 2016 Y 50 27 23 38.4% 55.2

Hosseini[15] 2016 N 23 15 8 29.2% 7.45 55.35

La Rosa[21] 2017 Y 10 10 0 50% 7.2 64.7

Teoh[11] 2016 Y 8 4 4 --- 8.2 60

Rolton[22] 2016 Y 21 10 11 52% 7.8 54

Nnadi[23] 2018 Y 10 10 0 50% 6.2 57.7

Ridderbusch[5] 2017 Y 24 24 0 33% 8.9 63

ARTICLE HIGHLIGHTS
Research background
Although the outcomes of using magnetically controlled growing rods (MCGR) to treat early
onset  scoliosis  (EOS) has been reviewed,  these studies  do not  take into account important
implants  modifications,  termed iterations,  that  were  made  due  to  early  on  postoperative
complications is not well reported or understood.

Research motivation
To gain a deeper understanding of how modification to MCGR after affected patients outcomes
for the treatment of EOS and the implications of these effects on the reporting of future MCGR.

Research objectives
To assess the effect of MCGR implant iterations on post-operative complications in EOS.

Research methods
A systematic review was performed to identify studies investigating MCGR specifically for the
treatment of EOS, refined to those reporting the implant iteration, specifically the incorporation
of the keeper plate to the implant design. Articles with mixed implant iteration usage were
excluded. Complications following surgery were recorded as well as potential risk factors and
compared between implant cohorts.

Research results
Although 20 articles were identified for inclusion, 5 (25%) included mixed implant iteration
leaving a total of 271 patients identified through 15 clinical studies that met inclusion criteria.
Pre-keeper plate implants were utilized in 3 studies with a total of 49 patients. Overall, 115
(42.4%) post-operative complications were identified, with 87% defined as major. The addition of
the keeper plate significantly decreased the rate of post-operative complications per study (35.7%
vs  80.6%, P  = 0.036), and the rate of distraction failure (8.1% vs  40.8%, P  = 0.02). Unplanned
reoperation occurred in 69 (26.7%) patients but was not different between implant iteration
cohorts (25.5% without keeper plate vs 27.1% with keeper plate, P = 0.92).

Research conclusions
MCGR implant with Keeper plates have less post-operative distraction failures. Of the currently
published studies, 25% include mixed implant designs. Future studies reporting on MCGR
outcomes should include implant iteration in their analysis. MCGR implant with Keeper plates
have less post-operative distraction failures. Of the currently published studies, 25% include
mixed implant designs. Studies included mixed implant iterations could be artificially inflating
postoperative complication rates.  Have more recent implant modification exhibited similar
effects  on MCGR outcomes.  Twenty-five percent  of  currently published studies on MCGR
outcomes included mixed implant iterations which could be artificially inflating complication
rates. The addition of the keeper plate has decreased the incidence of distraction failure in the
treatment of EOS. Understanding implant design gives important insight to understanding how
they affect patient outcomes.

Research perspectives
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Future studies should include implant iterations in the reporting of MCGR outcomes for the
treatment of EOS. Long-term follow-up of children treated with MCGR for EOS. Subdividing
MCGR outcomes by implant iteration will help ensure complications rates are not artificially
inflated.
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Abstract
BACKGROUND
Primary synovial chondromatosis (PSC) is a rare arthropathy of the synovial
joints characterized by the formation of cartilaginous nodules, which may detach
and become loose bodies within the joint and may undergo secondary
proliferation. PSC of the foot and ankle is exceedingly rare, with only a few cases
reported in the literature. The diagnosis may be difficult and delayed until
operative treatment, when it is confirmed by histological assessment. PSC may
degenerate into chondrosarcoma. Operative treatment is the gold standard
aiming to minimize pain, improve function, prevent or limit progression of
arthritis. Surgical treatment consists in debridement by arthrotomic or
arthroscopic management, but there is no consensus in the literature about timing
of surgery and surgical technique. Thus, the aim of this study is to report the
outcomes of the surgical treatment of two cases, together with a literature review.

CASE SUMMARY
We report two cases of patients affected by PSC of the foot in stage III, according
to the Milgram classification: the former PSC localized in the ankle that
underwent open surgery consisted of loose bodies removal; the latter in the
subtalar joint, and the choice of treatment was the arthrotomy and debridement
from loose bodies, in addition to the subtalar arthrodesis. Both patients returned
to complete daily and working life after surgery.
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CONCLUSION
Synovial chondromatosis is a rare benign pathology, even rarer in the ankle joint
and especially in the foot. Surgery should be minimal in patients with ankle PSC,
choosing the correct timing, waiting if possible until stage III. More aggressive
and early surgery should be performed in patients with PSC of the foot,
particularly the subtalar joint, due to the high risk of arthritic evolution.

Key words: Synovial chondromatosis; Foot; Ankle; Review; Treatment; Case report
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Core tip: Synovial chondromatosis of the ankle and foot is a particularly rare, benign
pathology. Despite the etiology remaining unknown, it can severely impair common
daily activities of affected patients because of severe pain and limitation of joint motion.
Surgical treatment should be performed in patients with Milgram’s stage III primary
ankle synovial chondromatosis. Earlier surgery should be limited to primary synovial
chondromatosis of the foot only, because of the higher frequency of subsequent
degenerative pathologies.

Citation: Monestier L, Riva G, Stissi P, Latiff M, Surace MF. Synovial chondromatosis of the
foot: Two case reports and literature review. World J Orthop 2019; 10(11): 404-415
URL: https://www.wjgnet.com/2218-5836/full/v10/i11/404.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i11.404

INTRODUCTION
Synovial  chondromatosis  (SC)  is  a  rare  arthropathy  of  the  synovial  joints
characterized by the formation of cartilaginous nodules in the synovium[1-3]. These
nodules may detach and become loose bodies within the joint, and may undergo
secondary calcification and proliferation[4] .

Some authors suggested metaplastic or neoplastic origin. Nevertheless, the exact
initial stimulus resulting in synovial transformation is still unknown[2,5,6].

Males in their third to fifth decades are typically affected. SC can be classified as
primary  (benign  neoplastic  process)  or  secondary,  and  associated  with  joint
abnormalities, such as mechanical or arthritic conditions[7]; the pathogenesis of the
latter being related to certain synoviocyte dysfunction. Particularly, cells like synovial
macrophages, other synoviocytes and chondrocytes may produce different enzymes
and cytokines, inducing inflammation and damage to articular tissues[8].

Knee (up to 65%) and hip are mostly involved, followed by elbow and shoulder;
uncommon  cases  have  been  reported  in  wrist,  interphalangeal  and  temporo-
mandibular joints, as well as in extra-articular locations[5,7,9,10].

Primary (P) SC of the foot and ankle is exceedingly rare, with only a few cases
reported in the literature worldwide:  Reports  include tibiotalar,  calcaneocuboid,
talonavicular,  subtalar,  navicular-cuneiform,  tarsometatarsal  and  meta-
tarsophalangeal joints[11-15].

We report two cases of patients affected by PSC of the foot: The former in the ankle,
the latter in the subtalar joint. The aim of the study is to report the outcomes of the
surgical treatment of those two rare cases, together with a review of the literature.

CASES PRESENTATION

Patient 1
Male, Caucasian, 50-years-old. The patient complained of pain, stiffness, crepitation
and catching sensation at his right ankle for more than 1 year. No traumatic events
were reported. Personal and family history were silent at the time of onset.

At admission, clinical assessment revealed swelling of the ankle and good range of
motion (ROM) (dorsiflexion 10°;  plantarflexion 10°).  Anterior impingement with
moderate pain was detected. No vascular or neurological abnormalities were referred;
laboratory test, blood and urine were normal.

Radiographs are shown in Figure 1. Multiple intra-articular loose bodies were seen
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around the ankle joint, suggesting possible PSC.

Patient 2
Female, Caucasian, 43-years-old. The patient complained of pain at the right rearfoot,
and two crutches were necessary for walking. These symptoms have been present and
worsening over the last 2 years, and a previous surgery for tarsal tunnel syndrome
was reported several years before. No other significant information on personal or
family history was collected.

At admission, the right ankle was swollen and aching; ROM was good (dorsiflexion
10°; plantarflexion 30°). Palpation of sinus tarsi was painful. as was its passive motion.
Ipsilateral hallux valgus was present. No vascular or neurological abnormalities were
referred nor seen, and all laboratory tests were normal.

Plain radiographs of the rearfoot revealed no osseous abnormality: a cavus right
foot with hallux valgus, and an arthritic degeneration of the talo-navicular joint. No
loose  bodies  or  osteochondral  defects  were  seen (Figure  2).  Magnetic  resonance
imaging (MRI) identified a mass extending from the subtalar joint to the soft tissue
posteriorly to the medial malleolus, as an arthritic formation at the subtalar joint
(Figure 3).

TREATMENT
Patient 1 underwent surgery, with removal of all the intra-articular bodies; the joint
was irrigated by copious amounts of normal saline. The ankle was immobilized with a
cast, and weight-bearing was avoided for 1 mo (Figure 4).

Also, patient 2 did undergo operative treatment. Direct approach to the subtalar
joint was performed; fibrous, scar tissue was found, probably due to the previous
surgery; multiple loose bodies and arthritic degeneration were found in the subtalar
joint. A medial approach was also necessary to release the tibialis posterior nerve
trapped within the synovial degenerative tissue. After removal of all loose bodies, an
arthrodesis of subtalar joint was performed. At the same time, Youngswick and Akin
osteotomies were performed for the hallux valgus (Figure 5).

Postoperatively, the patient was immobilized in a non-weightbearing cast for a
month.

FINAL DIAGNOSIS
Histological examination of surgically harvested samples from “patient 1” revealed
SC, with no evidence of malignant transformation.

Histology  of  patient  2’s  loose  bodies  showed  multiple  osseous-cartilaginous
fragments from the synovium.

OUTCOME AND FOLLOW-UP
At 1-year follow up, “patient 1” was pain-free with a full ROM (dorsiflexion 20°;
plantarflexion 30°), and full return to his previous daily activity level. No recurrence
of pathology was observed.

At the same interval follow up, patient 2 was also pain-free with a full ROM of the
ankle (dorsiflexion 20°;  plantarflexion 40°),  and went back to her previous daily
activities. Similarly, no recurrence of pathology was seen.

DISCUSSION

Epidemiology
SC shows a 1:100,000 incidence rate[16].  The disease affects males twice as often as
females, with peak incidence in the third to fifth decades[17]. Secondary forms mainly
affect older subjects, between the fourth and seventh decades of life[6].

SC has rarely been reported in the prepubescent age group, and only a handful of
cases have been reported extra-articularly in children[18]. Mishra finally described a
PSC case in a post-partum woman[19].

SC is usually a monoarticular disease[2,11]. The knee joint is the predilection site (up
to 50%-65%), followed by the hip, shoulder and elbow[7,20]. In some conditions, authors
referred to “snow storm knee”; larger loose bodies fragments under the force of joint
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Figure 1

Figure 1  Histological features of synovium in chondromatosis: Trabecular and stroma, with collagen and new bone tissue forming; 10 × zoom (A) and 25 ×
zoom (B).

movements,  giving rise  to  smaller  bodies  that  may grow again in the synovium
through real mitoses and matrix synthesis. This vicious circle leads to a myriad of
loose bodies (from 200 to more than 1,500 bodies, often with a diameter of 1–2mm)[21].
Uncommon  cases  have  been  reported  in  wrist,  metacarpophalangeal  or
interphalangeal  joints,  acromioclavicular,  temporo-mandibular  and  tibiofibular
articulations, as well as extra-articular locations[5,9,10]. Littrel et al[22] described 28 cases
of PSC in the spine from 1984-2011.

PSC of the foot and ankle is exceedingly rare, with only a few cases reported in the
literature worldwide. The subtalar joint is mostly affected[11,13-15]. Other reports include
tibiotalar, calcaneocuboid, talonavicular, navicular-cuneiform, tarsometatarsal and
metatarsophalangeal joints[1,13,15]. Recently, Isbell described a PSC case of the ankle
with associated talar syndrome[23].

Pathogenesis
SC can be differentiated into primary (PSC) and secondary forms (SSC).

PSC occurs in an otherwise normal joint[10,15,18]. This form is generally thought to be
progressive, more likely to recur, and may lead to severe degenerative arthritis with
long  term  presence[15].  Primary  cases  are  thought  to  be  more  aggressive,  and  a
relationship with osteoarthritic processes was mentioned[24,25]. Stensby et al[15] reported
a history of trauma in 24% of PSC cases involving the feet.

Its pathogenesis is unknown; it is considered that undifferentiated mesenchymal
stem cells proliferate in the synovium, forming nodular foci of hyaline cartilage[2,5,6,21].
It  is  assumed that  chondroid  metaplasia  (with  high  numbers  of  MIB-1-positive
chondrocytes) occurs as a precursor of cartilaginous nodules, under the influence of
bone morphogenetic protein (BMP). Cartilage develops in the synovium, leading to
sessile nodules that often detach and remain as loose bodies within the synovial folds
or articular cavity, being nourished by the synovial fluids, as they may calcify and
even ossify over time[5,9,10,16,21,23,26]. Silva hypothesized that PSC is a secondary disorder
following cartilage shedding into a joint[16].

There are rare reports of familial association (2% of cases) related to type 2 collagen
abnormalities, such as those described for Wagner-Stickler syndrome. The hedgehog
signaling pathway, measured by its target genes PTC1 and GLI1, may play a role in
the development of PSC[20].

Several studies suggested cytogenetic implications: Mertens described complex
structural chromosomal aberrations in three PSC lesions[27]. Robinson reported diploid
chromosomes and expression of C-ERB B-2 in about half of the cells, indicating that
the disorder is probably metaplasia of the synovium[28]. The same proto-oncogene was
found  in  a  familial  case  of  two  brothers  with  PSC  at  the  ankle[20].  Apte  and
Athanasou[29] claimed that synovial cells in PSC express CD68 and HLA-DR. Sciot et
al[17] reported a case of SC with clonal chromosomal changes.

Mertens  reported  the  rearrangement  of  band lpl3,  as  loss  of  band IOq26  and
translocations involving 12ql13-15 were as frequent as in other benign and malignant
chondroid tumors[27].

Dysplasia of fibroblasts is also reported in PSC[27,30]. Pau discussed the metaplasia
due to the presence of fibroblast growth factor FGF-9 and FGF receptor-3, which
activate bone morphogenetic proteins 2 and 3[25]. Robinson showed changed levels of
FGF-9 and FGF receptor-3, which can increase the proliferation of mesenchymal cells.
The presence of FGF-9 and FGF receptor-3 creates a feedback loop that results in the
continued proliferation of loose bodies[25].
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Figure 2

Figure 2  Radiographs of the ankle in Patient 1, after operative removal.

Although  PSC  is  considered  a  benign  condition  (metaplasia),  some  authors
suggested a possible neoplastic origin; indirect evidence for a neoplastic origin could
be  derived  from  the  existence  of  well-documented  cases  of  chondrosarcoma
originating  in  SC[1,25,27,30,31].  Ozyurek  et  al[33]  suggested  neoplastic  origin  with
chromosome 6 abnormalities[32]. In his review of 155 cases of PSC, McCarthy identified
four cases of aggressive chondrosarcoma-like masses.

Secondary SC is associated with joint abnormalities, such as mechanical or arthritic
conditions:  Degenerative arthritis,  trauma,  inflammatory and non-inflammatory
arthropathies, neuropathic arthropathy and avascular necrosis[20,24,34,35]. More frequent
than primary chondromatosis,  SSC occurs when cartilage fragments detach from
articular surfaces or become embedded in the synovium. These loose bodies are
nourished  by  the  synovium,  and consequently  produce  chondroid  nodules[16,35].
Cytogenetic aberrations are absent in secondary SC[20]. SSC is not likely to recur after
operative removal[10].

Clinical presentation
Diagnosis may be difficult and delayed until operative treatment, as symptoms are
vague and physical assessment non-specific[6].

Although a history of ankle sprains is often described, patient may not experience
any trauma, inflammatory or other joint disease[13,19,21,34].

Clinical  symptoms typically include pain,  swelling, stiffness and restriction of
ROM[2,20,35]. Aching is described as chronic, subtle, a “catching sensation”, or dull; in
some cases, patients refer to “walking on pebbles”[3,10,32]. Discomfort is aggravated by
physical activity, running, shoe-wearing, weight bearing and climbing stairs, which
could last all-day long[10,13,23,32]. Patients may also report tingling and burning along the
plantar aspect of the foot[13,23].

Physical examination demonstrated normal symmetrical alignment of the hindfoot,
midfoot, and forefoot[12]. Christensen and Poulsen proposed that a clinical diagnosis
may be made in the presence of any one of three diagnostic criteria: changes within
the synovial membrane, metaplasia or more than three intra-articular nodules[24].

Assessment reveals focal swelling or diffuse joint enlargement, articular tenderness,
articular crepitus, locking, and palpable bony nodules or a mass[18-20]. The overlying
skin is usually normal, without erythema[11,18,19,36].

Movement is painful and limited[37]. Instability is normally absent as drawer ankle
test negative[14,34,38].

In case of known PSC with rapid deterioration of clinical symptoms, transformation
to synovial chondrosarcoma should be suspected[2].

Laboratory studies including C-reactive protein and erythrocyte sedimentation rate
were normal[3,5,11,14,15].

Imaging features
Radiographs: Plain radiographs are mandatory for the diagnosis of SC.

Features of PSC include multiple intraarticular chondral bodies of uniform size
distributed  within  the  joint,  with  "ring-and-arc"  chondroid  mineralization[8,16,20];
calcified  bodies  are  usually  smooth,  round  and  finely  stippled[1,14].  Edema  and
calcifications of surrounding soft tissues are characteristic[36,37].

Calcifications or mineralization are common (67%-95% of cases)[1,15,20,38]. Only 29% of
PSC cases presenting in the subtalar joint demonstrated mineralization, compared to
91% of cases of PSC presenting in other joints of the feet[11,12,15,24,26,39,40]. This discrepancy
may  in  part  be  attributed  to  the  average  time  of  diagnosis  from  the  onset  of
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Figure 3

Figure 3  Pre-operative radiographs of Patient 2 with subtalar primary synovial chondromatosis.

symptoms; 12 mo in the subtalar joint and 27 mo in other joints[15].
Osseous erosion is also typical (20%-80% of all cases)[1,12,20,41]. Osseous erosions are

not  correlated  with  symptoms,  while  relationships  with  the  presence  of  tightly
adherent synovium have been reported[42].

In  long-stage  PSC  disorders,  mineralization  of  the  nodules  may  evolve  to
enchondral ossification with peripheral  calcified rim cortex and inner trabecular
bone[5,41]. Although juxta-articular osteopenia may develop, bone density is usually
preserved[16]. Secondary osteoarthritis may arise in more advanced untreated disease,
as well as displacement or even dislocation of the joint[16,43].

SSC shows fewer osteochondral bodies with a greater variability in size, suggesting
various times of origin; they exhibit several rings of calcification, in contradistinction
to the single ring seen in primary disease.  Osteoarthritis  degeneration is usually
evident as an extrinsic erosion of bone[16].

Computed  tomography  (CT):  CT  is  for  identifying  the  calcified  intra-articular
nodules; calcified nodules may present a “ring and arc” pattern of mineralization or a
target  appearance[16].  CT can also help differentiate  PSC loose bodies from loose
bodies that are secondary to degenerative osteoarthritis or joint destruction[1].

CT  depicts  document  joint  destruction  and  extrinsic  bone  erosion[1,20].  After
intravenous administration of contrast material, peripheral and septal enhancement
may be seen[16].

MRI:  MRI is mandatory to assess alterations of synovium, define the stage of the
disorder (Milgram’s classification) and depict bone erosion. It represents the best
modality to evaluate lesion extension, extrinsic bone erosion and marrow invasion[16].

Nodules of low or isointense signal on T1-weighted images and high signal on T2-
weighted images, with thin peripheral and septal enhancement, are typical described;
nidus  of  low  signal  intensity  could  be  referred,  depending  on  minerali-
zation/ossification and joint effusion[1,16,20,36,39].

Villonodular hypertrophic synovitis is often revealed with hemosiderin deposits or
mineralization, as well as calcified lesions of ankle ligaments[5,38,44].

Kramer et al[45] described three patterns of PSC, based on the signal intensity of the
nodules. Pattern A (16% of cases) consists of lobulated homogeneous intra-articular
isointense/hypointense T1-weighted and hyperintense T2-weighted nodules without
mineralization. They are difficult to distinguish from the synovial fluid. If vascular
supply from the synovium is present, nodules may only show peripheric gadolinium
enhancement. Pattern B (75% of cases) had a similar appearance; nonetheless, foci of
low signal intensity due to calcification are depicted. Pattern C (9% of cases) reveals
both A and B features, but nodules are characterized by an external hypointense
signal ring and fat signal core, corresponding to ossification. Among SC of the foot,
pattern A is described in 44% of cases, pattern B in 33% and pattern C in 22%[15,16]. MR
is also crucial to evaluate enlarging erosions, cortical destruction of bones and early
marrow infiltration[33].

Other investigations: Ultrasonography may show heterogeneous avascular masses
surrounded by fluid, with hyperechoic foci (cartilaginous nodules or osseous loose
bodies).  Posterior  acoustic  shadowing  may  be  present,  depending  on
mineralization[16]. A bone scan may be useful in determining the level of activity of the
disease, and the assessment of possible recurrence after operative excision[24].
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Figure 4

Figure 4  Radiographs of the ankle in Patient 1, showing several loose bodies at the anterior compartment.

Differential diagnosis and histopathology
The  diagnosis  is  confirmed  by  histopathological  examination,  which  reveals  a
«cobblestone appearance» of lobulated hyaline cartilage, surrounded by synovium and
some degree of nuclear atypia without the presence of mitosis[9,19,20,22]. The cobblestone
appearance may extend into adjacent soft tissues and bursae, as it may erode bone.
Fusion  or  coalescence  of  multiple  chondral  bodies  may  occur,  creating  a  giant
conglomerate appearance; lobules of hyaline cartilage surrounded by synovial lining
(a two-cell layer of cuboidal epithelium) that is usually attenuated[20].

The degree of  cellularity is  generally striking.  Double or multiple as enlarged
pleomorphic nuclei may be seen within individual chondrocytes[6].  There was no
necrosis or myxoid change in the stroma. The primary and recurrent lesions showed
an identical morphology[17]. Cells at the periphery of the cartilage nodules express
FGFR3 and PCNA (proliferating cell  nuclear  antigen)[28].  DNA image cytometry
suggests that chondrocytes in primary SC are active[1]. Figure 6 shows the histological
pattern.

The differential diagnosis includes[5,10,18,24,31,34,38,46,47]: (1) Joint disorders: degenerative
arthropathy, osteochondritis dissecans, neurotrophic, tuberculous, rheumatoid or
septic arthritis, injury-related soft tissue calcification, osteochondral fractures and
avascular  necrosis;  (2)  Benign  disorders:  Synovial  hemangioma,  pigmented
Villonodular  synovitis,  chondroma,  tenosynovial  giant  cell  tumor,  calcifying
aponeurotic  fibroma,  periosteal  chondroma;  and  (3)  Malignant  disorders:
Chondrosarcoma, synovial chondrosarcoma, synovial sarcoma; in case of proximity of
nerves, neurofibroma, schwannoma and peripheral nerve sheath tumor.

Although PSC is considered completely benign, recent interest in diagnosis has
occurred due to about 2.5%-5% relative risk for malignant degeneration[30,33,48]. Bojanic
et al[49] reported malignant transformation to chondrosarcoma in 17%-25% of all cases,
while Galat et al[1] reported two cases of transformation in PSC of the foot. The high
rate of malignant progression could be referred to difficulty in distinguishing these
two entities,  and some authors  argue it  is  simply a  case  of  misdiagnosis[1,11].  An
accurate  diagnosis  is  based  on  clinical,  radiographic  or  advanced  imaging  and
histological evidence[10]. They appear histologically indistinguishable from low-grade
chondrosarcomas; although mitotic figures were identified in the chondrosarcomas
but not in cases of SC or in the enchondromas, binucleate chondrocytes were present
in all cases of SC. Chondrosarcomas usually show loss of the micro-nodularity of the
chondrocytes and myxoid transformation of the matrix, as chondrocyte necrosis. The
most reliable histological sign consists of osseous permeation by cartilage, with the
extension of cartilage matrix into the intertrabecular space[2].

Davis  suggests  assessing proliferative activity by Ki-67 immunohistochemical
staining, since there is no detectable staining for Ki-67 protein in SC or enchondromas.
Moreover, C-erb B2 staining is positive in SC, while negative in normal articular
cartilage, enchondromas, or grade I chondrosarcomas. Thus, the authors concluded
that  detection  of  C-erb  B-2  protein  may  be  a  more  sensitive  indicator  of  cell
proliferation than nuclear expression of Ki-67 protein[48]. A DNA index of >1 has also
been suggested to carry prognostic value[50].

Bertoni et al[31] described five features to distinguish PSC from chondrosarcoma:
First, there is a typical clustering pattern with abundant matrix juxtaposed to areas in
PSC cartilage,  while  the  tumor cells  were  arranged in  sheets.  Second,  there  is  a
myxoid change in the matrix; while it appears solid in PSC, any tendency to «run»
when  cut  into  should  be  viewed  with  suspicion  for  malignancy.  Third,
hypercellularity with spindling of the nuclei at the periphery is present in sarcoma not
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Figure 5

Figure 5  Magnetic resonance imaging of the ankle of Patient 2. Loose bodies and degenerative arthritis are shown.

in PSC. Fourth, necrosis cannot be considered crucial, as it is absent in PSC and very
rare in chondrosarcoma. Finally, SC may erode bone and soft tissues, but when it
does, the tumor usually has pushing margins. Permeation of trabecular bone with
filling-up of marrow spaces should be considered a sign of malignancy[31].

Classification
In 1977, Milgram described a three-stage classification of SC, based on the position of
the loose bodies and pathologic findings[41].

Phase I (early or florid stage) is characterized by metaplasia of the synovial intima,
active synovitis and formation of nodules, with no calcification. Phase II (transitional
stage) shows both active intra-synovial proliferation or calcification of the nodules
and free loose bodies. Phase III (late or quiescent stage) demonstrates only the loose
bodies,  without  any  evidence  of  synovial  metaplasia  but  occasional,  slight
inflammation of the membrane. Calcification or ossification of loose bodies is present
only in the third phases.

Treatment
The target of treatment is to minimize pain, improve function, and prevent or limit
the progression of arthritis and chondral damage[5].

SC is a benign condition with a tendency to progressive resolution[2,7].  Since SC
tends  to  be  progressive  but  self-limiting,  indications  for  surgery  depend  on
symptomatic presentation in addition to the functional demands of the patients[7,10]. In
asymptomatic patients, the nodules may resorb over time and invasive procedures
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Figure 6

Figure 6  Post-operative radiographs of Patient 2: Synovectomy, removal of loose bodies and arthrodesis of
subtalar joint is performed. Youngswick and Akin osteotomies are performed to correct hallux valgus.

should be avoided; treatment can be planned conservatively with frequent follow-up
assessments. Patient age is also important for indications[51]; children should initially
be treated conservatively with NSAIDs, cryotherapy and ultrasound because they are
skeletally immature[18].

Indeed,  surgery  is  considered the  treatment  of  choice  for  PSC.  The  operative
approach can vary based on the stage of disease: complete synovectomy for stage I,
complete synovectomy and removal of intra articular bodies for stage II, removal of
loose bodies for stage III[15,39,40]. Milgram recommended simple excision of the foreign
bodies in the late inactive stages, although adding synovectomy and foreign body
removal if the disease is active or transitional[40].  Some authors reported the same
results by the removal of loose bodies alone, as well as synovectomy added to the
removal of loose bodies[15,52].

Maurice distinguished two groups of patients, with extra- and intra-articular SC,
and recommended treatment in each case: Synovectomy is recommended for both
groups with localized disease; in intra-articular cases, synovectomy can be associated
with  removal  of  the  loose  bodies[53].  Nevertheless,  for  the  extra-articular  group,
Shearer stated that surgery to extract the calcifications from the tendons would be too
invasive,  and  that  the  surgeon  should  avoid  excessively  weakening  tendon
structure[10].

The traditional technique for the treatment of PSC of the ankle is arthrotomy and
debridement. However, arthroscopy gained more and more indications in the last two
decades.

Advantages of the arthroscopic approaches include decreased morbidity, wide
visualization and treatment feature for intra- and extra-articular pathologies[5,34]. The
excision  of  the  loose  bodies  is  the  standard  arthroscopic  treatment  with
synovectomy[23].  Minimally invasive surgery offers  a  multitude of  advantages in
comparison  with  open  techniques:  Less  local  pain,  swelling,  infection,  shorter
recovery  times,  increased  patient  satisfaction,  no  need  of  immobilization  post-
operatively, and the patient can walk without pain[5,23,34,54]. Finally, Iossifidis[7] stated
that such extensive surgery predisposes to tissue scarring and compromises articular
function.

The ankle joint is entered via anteromedial and anterolateral arthroscopic portals
during spinal  anesthesia and tourniquet  application,  under manual  traction and
manipulation[5,13,34].  Bojanic  also  performed  arthroscopy  by  posteromedial  and
posterolateral portals with patients in the prone position and by using a 4.5-mm/30-
degree arthroscope[49].

Before and after closure of the wound in layers,  an anterior drawer stress test
should be performed to demonstrate joint stability[12]. The subtalar joint is entered by
both medial and lateral approach, at the base of the position of loose bodies.

For the Lisfranc joint, Fujita performed a synovectomy and removal of the loose
bodies in the dorsal,  lateral,  and plantar aspect of the articulation[39].  By a dorsal
approach  with  dislocation  of  the  fourth  and  fifth  metatarsal  bases,  adequate
visualization of both the dorsal and plantar aspects of the Lisfranc joint is allowed.
Repair of dorsal ligamentous structures and percutaneous pinning of the Lisfranc
joint is necessary for anatomic reduction at the end of surgery. The disadvantages of
this approach include the possibility of postoperative instability and degenerative
arthritis of the fourth and fifth Lisfranc joints. In severe cases, arthrodesis may be
considered[15].

The  use  of  intraoperative  C-arm fluoroscopy  is  mandatory  to  ensure  that  all

WJO https://www.wjgnet.com November 18, 2019 Volume 10 Issue 11

Monestier L et al. Synovial chondromatosis of the foot

412



calcified loose bodies are removed; they may not be found in the joint cavity because
they can be encysted in bursae or in the synovium, or because they have not yet been
liberated from the synovial membrane[5,9].

Before  closing  the  articular  capsule,  abundant  washing  with  normal  saline  is
required[3]. However, Saxena suggested irrigation with 3% hydrogen peroxide for PSC
and synovial tumors in the foot and ankle[30]. Hydrogen peroxide serves as a chemo-
cautery  by  removing  microscopic  chemical  elements;  this  appears  to  decrease
recurrence[54].

Portals or wounds should be primarily closed after drain insertion. Post-operative
immobilization in a cast for a varying period is usually necessary after open operative
treatment. For arthroscopy, after the compressive dressing that is removed in the first
post-operative day as it  drains, early active motion of the joint can start.  Bearing
weight  as  tolerated is  recommended for  2  wk,  and is  then allowed to  gradually
progress to full weightbearing[5,34].

Complications
In untreated patients or those without the appropriate therapy, degenerative arthritis
or joint dislocation could occur in later stages of the disease[34,39].

Another usual complication of PSC is recurrence. It is thought to be related to the
presence  of  the  stimulus  that  caused  the  metaplasia,  or  to  incomplete
synovectomy[3,13,18,23,30,34,40,52]. Recurrence after loose body removal and synovectomy
varies  from  3%-23%  of  cases[1,3,16,36].  Saxena  suggested  irrigation  with  hydrogen
peroxide, as used by other authors for synovial tumors in the foot and ankle, which
appears to decrease recurrence[30,55].

When recurrence is associated with particularly aggressive features, such as rapid
growth  or  destruction  of  joints,  the  surgeon  should  consider  the  potential  for
malignant transformation[1,56]. Surgeons ought to also consider malignancy in case of
longstanding PSC after several surgeries[36]. In these patients, wide operative margin is
mandatory, as the post-operative administration of radiation therapy is suggested[31,50].

SC  is  a  rare  benign  monoarticular  disease  characterized  by  the  presence  of
cartilaginous nodules in the synovium of joints, tendon sheaths and bursae, which
often occur without trauma or inflammation[1,2,3,44].

Described  firstly  by  Leannac  in  1813,  SC  is  also  named  chondromatosis,
synoviochondrometaplasia, synovial chondrosis, synovial osteochondromatosis and
articular chondrosis[9,10]. The earliest description in the literature of synovial osteo-
chondromatosis was from Henderson and Jones in 1923[24].

CONCLUSION
SC is a rare benign disease with extremely rare presentation in foot and ankle joints.
Clinical relevance to clinicians and surgeons may be summarized in the need for open
or  arthroscopic  surgery,  and  subsequent  to  clinical  assessment  and  imaging.
Postoperative histopathological characterization should lead to a definitive diagnosis.
Also, as malignant transformation may occur, surgeons should perform a complete
synovectomy with wide margins, and remove all loose bodies.
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