UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Scaphoid fractures: anatomy, diagnosis and treatment

Buijze, G.A.

Publication date
2012

Link to publication

Citation for published version (APA):
Buijze, G. A. (2012). Scaphoid fractures: anatomy, diagnosis and treatment. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:07 Jun 2026


https://handle.uba.uva.nl/personal/pure/en/publications/scaphoid-fractures-anatomy-diagnosis-and-treatment(1dd259e8-4567-4cc7-8e0b-106ccf0fb065).html

Chapter

Introduction & Outline

Buijze GA






Introduction & Outline

Introduction

Fractures of the scaphoid are common, especially in young and active adults. They
account for up to 90% of carpal fractures and up to 7% of all fractures."? Annual
incidences of scaphoid fractures are estimated between 29 and 43 per 100.000
people.3> However, the exact incidence remains unknown, as many patients either do
not seek medical attention or present years or decades after fracture and nonunion. In
the Netherlands, fractures of the carpals are suspected in over 24.000 patients a year.
The scaphoid has a pivotal role in the functioning of the wrist. Nonunion and deformities
can therefore lead to serious pain and impairment. Both biological and clinical factors
contribute to the development of nonunion.® Biological factors include the degree of
fracture displacement, the tenuous vascular supply of the scaphoid, and its complex
anatomy.”'9 Clinical factors include the lack of an accurate diagnosis, delayed
treatment, and inadequate treatment (e.g. incompliance with immobilization).®1"
Historically, fractures of the scaphoid have not been recognized for very long in
comparison to other injuries. It was not until the end of the nineteenth century that
the pathology was first described.'?3 The topic rapidly gained popularity in the early
twentieth century because of the unfavorable prognosis and relative frequency.'* At
that time, scaphoid fractures were considered an unsolvable and important economic
problem. Treatment had been the subject of long controversy in the medical literature.
Advancements in treatment took a leap in 1954, when Mclaughlin introduced
open reduction and internal fixation of the scaphoid.’® He founded some of the
main treatment principles of the current practice. Notably he concluded that “with
perfections of operative technique, internal fixations may become the treatment of
choice for displaced and unstable fractures of the carpal navicular.” That prediction
closely reflects the current practice.

Current Issues

The current issues in the management of scaphoid fractures are inaccurate diagnosis,
inadequate treatment, delayed treatment, and overtreatment. The primary goals of
contemporary research on scaphoid fractures are to improve functional outcome and
to reduce the rate of nonunion. It has been extensively documented that an early
accurate diagnosis and adequate treatment ensure high predictable healing rates
approaching 100% and good wrist function.'®:"/

Inadequate treatment is closely related to inaccurate diagnosis. Over 20% of non-
and minimally displaced fractures are not visible on radiographs (at least initially),
and these missed fractures may be at risk for nonunion.®'®8 On the other hand, many
fractures that are diagnosed on radiographs can be misdiagnosed as nondisplaced
scaphoid fractures — i.e. they seem nondisplaced on radiographs but are displaced
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on computed tomography (CT). Radiographs are not as reliable as CT or MRI in
diagnosing displacement (usually defined as a gap or translation between the fracture
fragments).'®19 Nonoperative treatment of displaced fractures has been associated
with a risk of nonunion up to 55%.8-10 Therefore, there is a clear need for a reliable
and readily available diagnostic method to ensure adequate treatment.

Delayed treatment can be caused by either patient-related factors or physician-related
factors. Failure to seek medical attention after a fracture (for instance, assuming it's
just a sprain) is considered a risk factor for scaphoid nonunion.'820 To reduce the risk,
it is advised to examine the wrist clinically and radiographically as soon as possible but
at most within 4 weeks after injury.® If the wrist is clinically suggestive of a fracture
(e.g. tenderness in the anatomical snuffbox) but radiographs are negative, we speak
of a suspected scaphoid fracture. In order to prevent delay in treatment, suspected
scaphoid fractures are immobilized in a below-elbow cast until a fracture is ruled
out. Additional diagnostics are required and can include a repeat clinical examination
or advanced imaging such as CT, MRI or bone scintigraphy. The development of a
clinical prediction rule might improve the diagnostic performance characteristics
of radiological tests by decreasing the number of suspected fractures and thereby
increasing the prevalence of true fractures.

Overtreatment is the resultant shortcoming of the careful management of suspected
scaphoid fractures. Patients with suspected scaphoid fractures are generally
immobilized in a cast for up to 2 weeks but the vast majority of patients have no
fracture.?’ Overtreatment results in high and unnecessary costs for hospital visits and
imaging studies. It also leads to unnecessary disability to perform manual labor in
a generally young active population as the involved limb is immobilized for weeks
until a fracture is definitely ruled out. The functional consequences of long cast
immobilization of the wrist are substantial stiffness and muscle atrophy. It is important
to investigate if functional outcome can be improved by minimizing immobility such
as surgical fixation, shorter periods of cast immobilization or leaving the thumb free
in the cast.

Aims of the Thesis

Firstly, the aim is to improve our understanding of the anatomy of the scaphoid bone
and ligaments. Secondly, the aim is to improve the current knowledge on diagnosing
true scaphoid fractures among suspected scaphoid fractures, as well as reliably
diagnosing displacement and union. Thirdly, the aim is to improve treatment of acute
scaphoid fractures.
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Outline of the Thesis

This thesis is structured to address the whole spectrum of scaphoid fracture issues
from the basics to the specifics with the final objective to improve the outcome of
patients who sustain such fractures. Therefore, the structure is best explained by
the “top-down” model: In order to improve the outcome it is essential to improve
treatment (Part /V). Treatment of scaphoid fractures is highly dependent on the injury
characteristics; hence diagnostic methods need to be improved first (Part /Il). And
to understand the complexity of the diagnosis, the primary step is to acquire more
knowledge regarding the precise anatomy (Part Il). So this thesis is structured from the
anatomy and diagnosis to treatment.

In the final part (Part V) all chapters will be put in perspective in a general discussion
and summary.

ANATOMY

The scaphoid has a pivotal role in the functioning of the wrist as it articulates with
5 adjacent bones and forms a mechanical linkage between the carpal rows.?2?
The ligaments that attach to the scaphoid play an essential role in carpal stability
of both normal and injured wrists.22 However, the literature on scaphoid ligaments
is controversial and confusing. In this part of the thesis, the aim is to improve our
understanding of the osseous and ligamentous anatomy of the scaphoid.

Anatomy of the Scaphoid: Controversial Literature

There is no consensus among authors on the anatomic description of the ligaments that
have scaphoid attachments and their function in normal kinematics. This controversy
increases when the discussion focuses on fractures or ligament pathologies such as
scapholunate dissociation. In Chapter 2, all anatomical studies on scaphoid ligaments
are systematically reviewed. The purpose of this study is to clarify and unify different
concepts and classifications of the wrist ligaments and to describe the ligaments
related to the scaphoid.

Anatomy of the Scaphoid: 3D Imaging

No previous study on scaphoid anatomy has provided a detailed description of the
three dimensional (3D) location and area of all scaphoid ligament attachments. In
chapter 3, the anatomy of the scaphoid ligaments are described using 3D imaging
of eight cadaveric wrists. The aim of this study is to provide a quantitative and more
accurate description of the 3D geometrical aspects of the scaphoid ligaments.
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DIAGNOSIS

Adequate treatment of true and suspected scaphoid fractures depends highly on
reliable diagnostic methods. In this part of the thesis the diagnostic methods for
true scaphoid fractures, displaced scaphoid fractures and united (healing) scaphoid
fractures are investigated.

Latent Class Analysis

There is no gold standard for diagnosing scaphoid fractures. One way to deal with a
lacking reference standard in diagnostic studies is to apply latent class analysis. This
statistical method identifies unobserved or latent classes (factors associating with one
another) in data.?3 In chapter 4, a comparison is made of the diagnostic performance
test characteristics calculated using latent class analysis and standard formulas based
on a reference standard.

Predictors of Scaphoid Fractures

An important step to improve the diagnostic performance characteristics of the
imaging modalities available would be to increase the prevalence of true scaphoid
fractures among suspected fractures. In chapter 5, the primary aim is to develop
clinical prediction rules for true acute scaphoid fractures that incorporate demographic
and clinical factors predictive of a fracture. The secondary aim is to determine the
diagnostic performance characteristics of the clinical signs tested using latent class
analysis and Bayesian statistical methods.

Displacement and Instability: CT vs Radiography

The current hypothesis is that displaced fractures are unstable and therefore susceptible
to healing problems such as delayed union and nonunion. However, there is no
evidence to support the fact that radiologically nondisplaced scaphoid waist fractures
are stable and that displaced fractures are unstable.?* In chapter 6, this hypothesis is
tested using arthroscopy. The diagnostic performance characteristics of radiographs
and CT in diagnosing displacement and instability of scaphoid waist fractures are
evaluated using intra-operative visualization as the reference standard.

Displacement and Instability: Predictors

A relationship between fragment instability and location has been found in scaphoid
nonunions.2>28 Previous studies show that nonunions located distal of the apex (on
the dorsal ridge of the scaphoid) were unstable and that nonunions located proximal
of the apex were stable. If the same proved true for acute scaphoid fractures, fracture
location might be a relative indication for surgery. In chapter 7, the aims are to assess
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the relationship between fracture location relative to the apex and arthroscopically-
determined displacement/ instability, and to assess other potentially associated factors.

Displaced Scaphoid Fractures

While the diagnosis of displacement is a critical factor of the management of scaphoid
fractures, three previous methodological studies showed poor to moderate levels of
inter-observer reliability for diagnosing displacement.'®29.30 |n chapter 8, the aim is
to test if training can improve inter-observer reliability for the diagnosis of scaphoid
fracture displacement on radiographs and CT.

United Scaphoid Fractures

Another important issue in scaphoid fracture management is to diagnose union
in a reliable way as this affects the decision whether or not to discontinue cast
immobilization. Radiographic and clinical signs of union have limited reliability.3-33
In chapter 9, the aim is to determine the inter-observer reliability and diagnostic

performance characteristics of CT for the diagnosis of union in scaphoid waist fractures.

TREATMENT

The lacking consensus on optimal treatment of acute scaphoid fractures is an important
issue that needs to be addressed to improve functional outcome and reduce the rate
of nonunion. In this part of the thesis, the best available evidence on the various
treatment methods of scaphoid fractures is investigated.

Surgical versus Conservative Treatment

Currently, there is a trend in orthopedic practice towards early open reduction
and internal fixation (ORIF) for fractures that had traditionally been treated
conservatively.3436 Recent reports advocate surgical treatment for nondisplaced
scaphoid fractures.373% However, this trend towards early ORIF is not evidence
based. In chapter 10, the aim is to evaluate the evidence from randomized controlled
clinical trials comparing surgical to conservative treatment for acute nondisplaced and
minimally displaced fractures of the scaphoid.

Conservative Treatment Methods

Consensus regarding the type of conservative treatment is also lacking. Cast
immobilization techniques vary according to inclusion of the elbow,*%4" inclusion of
the thumb,42:43 materials,*#4> and duration of immobilization.#® In chapter 11, the
aim is to evaluate the evidence from randomized controlled trials comparing various
conservative treatment methods for acute scaphoid fractures.
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Cast Immobilization: Thumb vs No Thumb

Most surgeons worldwide immobilize the thumb when treating a patient with
a scaphoid fracture, although there are regions, particularly in the UK where a
below-elbow cast without immobilization of the thumb is preferred.4”4° In chapter
12, the aim is to evaluate whether there is difference in union or arm-specific disability
between patients with nondisplaced scaphoid waist fractures who are randomized
either to treatment in a cast including the thumb or treatment in a cast excluding the
thumb.

Scaphoid Nonunion Management

Despite advancements in treatment of acute scaphoid fractures, a small percentage
fails to heal. It seems that untreated nonunion will lead to degenerative wrist
arthritis.>9-32 However, it is not clear that surgery can change the natural history even
if union is obtained. In chapter 13, the current concepts of management of scaphoid
nonunions are reviewed. Surgical treatment options vary from percutaneous fixation
to ORIF with vascularized or non-vascularized bone grafting and salvage procedures
involving excision and/or arthrodesis of the carpals.
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