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Abstract

BACKGROUND

Congenital transverse deficiencies are horizontal deficiencies of the long bones that
occur with a reported incidence as high 0.38%, They can occur alone or represent a
manifestation of a various clinical syndromes. Diagnosis has traditionally comprised of
conventional radiography and prenatal imaging studies. There has been much
advancement regarding prenatal imaging modalities to allow for early diagnosis and

appropriate treatment.

ﬁIM

The purpose of this scoping review summarize the current state of knowledge on
congenital transverse limb deficiencies and to provide an update regarding the

radiographic evaluation of congenital transverse limb deficiencies.

METHODS

This IRB-exempt scoping review followed the PRISMA-ScR checklist for scoping
reviews strictly. Five search engines were searched for a total of 265 publications. Four
authors reviewed these during the screening process. Of these, 51 studies were included

in our article. Prenatal magnetic resonance imaging (MRI), 3D Ultrasound, and
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multidetector Computed tomography (CT) exist are emerging modalities that have the

potential to improve diagnosis.

RESULTS
Use of the appropriate classification system, three-dimensional ultrasonography with a
maximum intensity projection, and appropriate use of prenatal MRI and prenatal CT

can improve diagnosis and inter-provider communication.

CONCLUSION
Further scholarly efforts are required to develop improve standardized guidelines

regarding the pre-natal radiographic evaluation of congenital limb deficiencies.
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Core Tip: Early diagnosis can lead to early, appropriate, family-centered care strategies

with the current literature supporting both non-operative and surgical management.

INTRODUCTION

Congenital transverse deficiencies are horizontal deficiencies involving the long bones.
The incidence of congenital limb abnormalities is reported between 0.035%!! and
0.38%[2, of which transverse limb deficiencies account for approximately half[3l.
Congenital transverse limb deficiencies can occur in isolation or as a part of a clinical
syndrome. These include femoral and fibular deficiencies!!], Adams-Oliver syndromel?,
Dandy-Walker syndromel®l, and Opitz trigonocephalyl”l. Congenital transverse limb

deficiencies can occur in any long bones of the body, though an upper limb and left
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sided predominance have been demonstrated®?l. In the upper extremity, the most
common deficiency is the radial ray deficiencyl10l.

Diagnosis of congenital transverse limb deficiencies is traditionally thought to be
largely supported by conventional radiographyl!ll. In recent years there has been
advancement regarding the use of prenatal imaging to assist in early diagnosis. This
includes two-dimensional ultrasound (2D US) (Figures 1A, 1B and 2A), three-
dimensional ultrasound (3D US) (Figures 1C and 2B), fetal Magnetic Resonance
Imaging (fetal MRI) (Figures 1E, 2C, and 3A) and low-dose multidetector computerized
tomography with 3D reconstruction (3D-CT). The purpose of this scoping review article
is to summarize the current state of knowledge on congenital transverse limb
deficiencies and to provide an update regarding the radiographic evaluation of

congenital transverse limb deficiencies.

MATERIALS AND METHODS

General

This was an IRB-exempt scoping review. The scoping review checklist available at the
Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for
Scoping Reviews Checklist was followed strictly. The International prospective register
of systematic reviews (PROPSERO) was contacted regarding our intention of this article

and advised that scoping views do not require registration with PROSPERO.

Search strategy

The following search engines were used: Medline, PubMed Advanced Search, Cochrane
library, Embase, and Scopus. Cochrane Reviews was also searched per the
recommendations of Pautasso et al'> The following search items were used: ‘Pediatric
Transverse Limb Deficiencies’, ‘Radiography transverse limb deficiencies’,
‘radiographic evaluation” AND ‘pediatric transverse limb defects’, ‘transverse’ AND

‘limb” AND “defects’, ‘radiographic AND evaluation” AND “transverse” AND ‘limb"” AND
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‘deficiencies’, '"MRI” AND ‘transverse limb deficiencies’, and ‘prenatal diagnosis’ AND

‘transverse limb deficiencies.” This resulted in a total of 265 articles.

Study Screening and Selection

Four of the authors (Neeraj Vij, Aaron Llanes, Sean Youn, MV Belthur) screened the
article by title and abstract. A preliminary decision to include or exclude an article was
made based on relevance of the information within the abstract as determined by our
inclusion/exclusion criteria (Table 1) This resulted in a preliminary list of 112 articles.
This preliminary list of articles were organized into the following subheadings:
Embryology, Etiology, Natural History, Classification Systems, Prenatal Imaging, Non-

surgical treatment, and Surgical treatment.

Full-Text Screening

These articles then underwent a full-text screening process by the same four authors
(Neeraj Vij, Aaron Llanes, Sean Youn, MV Belthur). The primary purpose of the full-text
screening was final inclusion based on the inclusion/exclusion criteria, and placement
of the article in a given section. This resulted in a total of 51 included articles. The
references of the selected articles were also hand-searched to identify any missing
articles. This did not reveal any additional articles. The include articles were then

imported and stored into the most up-to-date stable release Mendeley (v2.57.0)[2],

Funding statement
This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

RESULTS
Etiology & embryology
Limb development begins through paired primordial limb buds at 4 wk of intrauterine

development. This is enabled by the undifferentiated mesenchymal cells that underlay
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the ectoderm on both the forelimb and hindlimb!!3!, This structure is referred to as the
apical ectodermal ridge and permits both proximodistal development through
fibroblastic growth factor, anteroposterior development through the sonic hedgehog
protein, and dorsoventral development through the Engrailed-1 protein!4. The main
mechanism of the etiology and embryological level is the disruption of growth of the
Apical Epidermal Ridge (AER) along the proximodistal planel'¥. The subsequent result
is that the interaxial signaling that is responsible for normal limb development is
disrupted and causes a deficiency in the plane orthogonal to the developing limb bud,
that is, transversely.

There are several proposed causes for this disruption of the AER. The leading
theory includes hypoperfusion, which leads to apoptosis of the AER. This is generally
thought to be due to a vasoocclusive event(!®l including and other vascular etiologies
including thrombosis, vasospasm, and embolilsm[>'¢18], Decongestants, non-aspirin
non-steroidal anti-inflammatory drugs, and smoking are significantly associated with
terminal transverse limb deficienciesllel. Other etiologies include maternal

thrombophilias’], alpha-thalassemias(!”l, and amniotic band sequence!'®l (Figure 1).

Natural history

Congenital transverse limb deficiencies are non-progressive disorders. These disorders
result from apoptosis failure (usually secondary to a vascular insult). Thus, the
condition is of maximum severity at its presentation and does not progress. Though
congenital transverse limb deficiencies are characterized by decreased mobility and
function, the symptoms do not worsen as the child grows older.

While the deformity itself cannot worsen, there are malformations associated
with limb defects that need to be monitored. Preaxial limb defects were shown to occur
more frequently with esophageal atresia, heart defects, and wunilateral kidney
dysgenesis; postaxial defects with hypospadias; transverse defects with craniofacial

defects and ring constrictions; and amelia with anorectal atresia, omphalocele,
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gastroschises, and ring constriction/?’). Therefore, close attention to associated
congenital anomalies is necessary to ensure the health and proper growth of the child.
In a significant proportion of congenital transverse limb deficiency cases, surgery
and prosthetics are unnecessary and sometimes contraindicated due to the possibility of
complications and the lack of functional gain. Therefore, supportive treatment along

with aid from occupational therapists can be a viable option!?!l.

Classification systeins

The first classification of congenital limb deficiencies was described in 1961 by Frantz et
all2l The International Society for Prosthetics and Orthotics anatomical classification for
congenital limb deficiencies represented a significant expansion of the originally
published classificationl®l. In this system, congenital limb deficiencies are first
described as either longitudinal or transverse. Longitudinal limb deficiencies refer to
the complete absence or reduction of the long axis of a limb, whereas transverse limb
deficiencies refer to the abrupt absence of an otherwise normally developing limb. Limb
deficiencies can be described to specify the affected limb and the extent to which it is
affected. By convention, longitudinal limb deficiencies name the bone that is affected
such as the ulna or tibia whereas transverse limb deficiencies name the anatomical
location that is affected such as the shoulder or leg. The degree of deficiency for both
longitudinal and transverse deficiencies can be described as total or partial.

More recent classification systems have expounded upon the anatomy and
etiology of congenital limb deficiencies. For instance, McGuirk et all?!l considered an
additional category of limb deficiency termed intercalary defects, which refers
specifically to the absence or hypoplasia of the middle portion of a long bone with intact
distal features.

The most recent classification includes both an anatomic and etiologic
component!®l. This greatly expands on that of Day et all® and McGuirk et all?l to
include an etiologic component that includes chromosomal abnormalities, Mendelian

inheritance, syndromes, teratogenic exposures, vascular disruption defects, or unknown
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causes!®l. This classification also includes other congenital limb deficiencies, can be
used to succinctly describe the location, and allows modification for the presence of
nubbins. By allowing subclassification by syndromic, teratogenic, vascular, or other
etiologies and by distinguishing between phenotypes within the family of transverse
limb deficiencies, the classification proposed by Gold et all?’l can provide improved

communication between providers, and guide genetic testing!2°l.

Prenatal imaging findings

Prenatal 2D US has become the mainstay of the diagnosis of transverse limb deficiencies
(Figures 1A, 1B and 2A) In much of the developed world, prenatal evaluation involves
the mid-trimester scan!’?l. However, a comprehensive cross-sectional study in 12
European countries for a total of 7758 cases found a prenatal detection rate of 22.7% for
isolated terminal transverse deficiencies(ll. Another large study from England,
demonstrates a second trimester detection rate of 25%[27). These large studies in the
developed world demonstrate a significant barrier to early intervention and counseling
for patients” families.

Of note, is the potential utility of the first-trimester ultrasound scan that has
shown to be useful in the detection of transverse limb deficiencies. Liao et all2l
demonstrated a detection rate of 77.8% for all fetal limb abnormalities through the first
trimester scan. The first trimester scan may have greater role in diagnosis of these limb
deficiencies than previously thought.

Fetal MRI is also used as a secondary diagnostic modality (Figures 1E, 2C and
3A) It is particularly useful in cases that do not image well by ultrasound including
cases of maternal obesity, advanced gestational age, oligohydramnios, and unfavorable
fetal position['l. MRI may uncover other associated soft tissue anomalies that may not
otherwise be diagnosed prenatally. 3D US (Figures 1C, 1D and 2B) and multidetector
computed tomography are also emerging as modalities to improve diagnosis and lead

to earlier treatment(28]; however, low-dose 3D CT is, in general, more useful in cases of
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suspected skeletal dysplasias. No standardized algorithm incorporating their use is

available.

DISCUSSION
Caring for individuals with congenital transverse limb deficiencies
Non-surgical therapies: Non-surgical management of congenital limb deficiencies is
comprised of physical therapy, orthoses, and prostheses (Figure 4). Quality of life,
functionality, and the degree of limb deficit should all be considered in deciding an
appropriate non-surgical strategy(2°31l. Timely implementation of a multidisciplinary
strategy is required for reducing pain, function loss, and improving quality of lifel32-361,
While there are no clinical guidelines regarding the timeline of treatment, most
studies recommend prosthetic fitting before the age of 2 years as the prosthetic rejection
rate increases drastically after the age of twol28] It is important to note that children
who have treatment can achieve satisfactory degrees of movement and function.

An important facet to treatment is appropriate counseling of the family. This begins
with a thorough conversation about the diagnosis, prognosis, natural history, treatment
options, and alternatives. Providing an opportunity for the family to meet the family of
another affected child has been shown to be very helpful. Doing so can reduce parental

anxiety and improve compliance with treatment recommendationsP?40l.

Special considerations in upper extremity defects - prosthesis timing and choice
Location of the defect is a very important determinant in the treatment strategy. While
lower extremity prosthetic intervention is widely used, the treatment strategy around
upper extremity defects is more nuanced?'l. Upper extremity defects are more common
and the choice and fit of prosthesis is rapidly evolvingl4!l,

The ideal time range for prosthesis fitting for trans-radial and trans-humeral
deficiencies is between six and twenty-four months of agelZ. This improves the

performance of activities of daily living (ADL's) and minimizes prosthetic rejection.
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Generally, the outcome of prosthesis use in patients with proximal upper limb
deficiencies is good!®3l. There is evidence to suggest that early myoelectric prosthesis
devices between 2.5 and 4 years of age may have potential therapeutic benefit/42l.
However, it is important to consider that prosthesis choice and fit needs to be
individualized based on the level of amputation and stump choice to prevent the nerve
entrapment syndromes associated with prosthesis overusel*l.

There is a reported underuse of upper limb prosthesis in children with
congenital transverse reductions/®l. Children tend to use their prostheses for specific
activities and not othersl®5l. A recent study has shown that there is a direct correlation
between the number of activities that children perform and daily use of the upper
extremity prosthesis*®l. Addressing the issue of sporadic use may lead to better
performance on activities of daily living and increased independencel38471.

Though the current literature supports the use of prostheses, there are no long-term
reports that compare the outcomes of prosthetic treatment in terms of patient-reported
or functional outcomes. Further studies are needed to determine the functional outcome
for upper extremity prosthesis users and non-users and thus allow clinicians to make

evidence-based recommendations.

Social resources

An important topic of discussion is rehabilitation options for young adults. These
management resources are often underutilized. A low rate of referral to the affected
child and an interdisciplinary management team has been noted from the Regional
Disablement Service in Northern Ireland(4S.

Ultimately, this has led to progressive social strains that further worsen the quality
of life of individuals with transverse limb deficiencies. Many young adults with
transverse upper limb deficiencies have difficulty in finding suitable housing and
employment!*l. Further, most young adults with upper limb transversal deficiencies are
unaware of available resources and have perceived limited benefit of said resources/>l.

Increased focus on age-relevant information as well as dedicated training programs
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could increase benefit to young adults with upper limb transverse limb defects!®l. These
findings suggest that an emphasis on the availability and use of these resources could
have a great impact on the quality of life of individuals with transverse limb
deficiencies. It remains unclear as to what the ideal age, modality of education, and the
role of the physician would be to better utilize these options. More research is required
to identify what measures can be taken to increase both awareness and use of available

resources.

Surgical treatment

Surgical treatment is reserved for a minority of patients and ranges from 16.9%I5!] to
25%03 of patients. Generally, surgical treatment involves intermediary correction for
prosthesis placementl*2l. However, there is a role in corrective surgeriesi?l and
lengthening proceduresl#252-54 for some patients.

Surgical treatment pursued varies based on the location of the deficiencyP’l. An
epidemiological study in Japan noted that in both the upper and lower extremity,
surgical treatment was more commonly pursued than prosthesis and orthosis combined
in the setting of transverse deficiencies at or distal to the level of distal to the carpals.
However, in proximal upper and lower extremity defects, surgery was rarely pursued.

When considering surgical options, they can be broadly classified as one of the
following: amputation/constriction ring proceduresP, lengthening proceduresl4232],
joint reconstructionsl53l, and digit transfer surgeries54. The literature on outcomes in
lower extremity transverse limb surgery is sparse; however, the outcomes for upper

limb defects in the hand and wrist are summarized below.

Hand andgrist upper limb deficiencies

To treat upper limb deficiencies at the level of the metacarpal or distal to the
metacarpal, finger resurfacing procedures are performed.> Amputation and constriction
ring release procedures are also performed in preparation for the complete articulation

of the limb and prostheticl3l. However, there are a few surgical options that have been
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described around the topic of improving orthotic use and increasing functional ability
without the need for prostheses.

Reconstruction of the wrist articulation with an iliac crest autograft has been
described in the setting of terminal deficiencies. In two patients, these were shown to
have cartilage formation on MRI and improved functional abilities!5!.

Microsurgical toe-to-hand transfers have also been described with good
radiographic outcomes at a mean follow-up of 21 mo; however, no patient-reported
outcomes have been noted with this surgical option. In the setting of cleft hand,
transverse limb deficiencies respond well to cleft hand reconstruction with both
radiographic and functional outcomes/54l. Importantly, 4 out of the 11 cleft hands due to
underlying transverse limb deficiencies did require additional surgery!>l. Lengthening
with either an on-top resurfacing procedure or distraction lengthening has been
described with good radiographic outcomes and improved inch function/2.

Though there is some good data regarding radiographic outcomes, the literature is
sparse for success rates and re-operation rates when considering these surgical options.
Overall, when considering upper extremity anomalies as a whole, a re-operation rate of
5%-20% has been reported. More studies with long-term clinical and functional
outcomes of these surgical options and studies investigating causes for re-operation are

needed to assist in surgical decision-making.

Limitations

As a scoping review, this manuscript is limited by the quality of the evidence of the
studies included. The lowest quality of evidence included was level IV. Further as a
scoping review, this article uses summary date to draw conclusions about the current
state of a topic. As such, it is vulnerable to selection bias. This may also result in the

inability of our search findings to be completely generalizable.

CONCLUSION
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Transverse limb deficiencies are rare and display an upper limb predominance.
Conventionally, the diagnosis was made through radiography; however, 2D US
emerged as a prevalent technology with the potential to improve our diagnostic
capabilities. Prenatal 3D US, fetal MRI, and low-dose 3D CT are newly emerging
modalities that could also potentially improve diagnosis; however, are not routinely
employed in diagnosis. To date, there are no standardized international guidelines
regarding the pre-natal radiographic evaluation of congenital limb deficiencies. A
systematic method would allow for enhanced interdisciplinary communication, early
diagnosis, and integration of family values into treatment plans. Management with
prosthesis is commonly pursued, especially in the upper extremity, with highly variable
use rates. Surgical treatment is less commonly sought out. Though some studies
demonstrate good radiographic and clinical outcomes for hand/wrist surgical options,
these are limited by the number of patients and quality of evidence. Further long-term
studies are needed for both the conservative and operative treatment options to assist in

clinical decision-making,.

ARTICLE HIGHLIGHTS

Research background

Congenital transverse deficiencies are horizontal deficiencies of the long bones that

occur with a reported incidence as high 0.38%.

Research motivation
There has been much advancement regarding prenatal imaging modalities to allow for

early diagnosis and appropriate treatment.

ﬁesearch objectives
The purpose of this scoping review article is to summarize the current state of
knowledge on congenital transverse limb deficiencies and to provide an update

regarding the radiographic evaluation of congenital transverse limb deficiencies.
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Research methods
This IRB-exempt scoping review followed the PRISMA-ScR checklist for scoping

reviews strictly. Five search engines were searched for a total of 265 publications.

Research results

Of these, 51 studies were included in our article.

Research conclusions

Prenatal magnetic resonance imaging (MRI), 3D Ultrasound, and multidetector
computed tomography (CT) exist are emerging modalities that have the potential to
improve diagnosis. Use of the appropriate classification system, three-dimensional
ultrasonography with a maximum intensity projection, and appropriate use of prenatal

MRI and prenatal CT can improve diagnosis and inter-provider communication.

Research perspectives
Further scholarly efforts are required to develop improve standardized guidelines

regarding the pre-natal radiographic evaluation of congenital limb deficiencies.
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