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Introduction

Hand function is important for participation in social life1. Diminishing hand function leads 
to less participation and has social implications. The function of the hand is mostly based 
on the function of the wrist and the thumb. Diseases that lead to less function also have 
influence on daily life of the patients.  In this thesis changes in the carpus (wrist and thumb) 
and their treatment are evaluated. It addresses primary osteoarthritis of the base of the 
thumb, Kienböck’s disease and rheumatoid arthritis. These disorders lead to destruction 
of the wrist affecting function. 

Anatomy

The wrist connects the hand with the forearm. The wrist contains 2 rows of 4 carpal bones 
each. The proximal row consists of the scaphoid, lunate, triquetrum, and pisiform. The 
distal row consists of the trapezium, trapezoid, capitate, and hamate. The proximal row 
articulates with the radius and the ulna. The distal row articulates with the metacarpals. 
Distal to the metacarpal bones, the thumb has two phalangeal bones and the four fingers 
have three phalangeal bones each (Figure 1).

Figure 1  Standard AP X ray of the Hand and wrist with labels naming the bones.
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 The proximal row is called a intercalated segment, because no tendons insert upon 
the bones2. The movement of this intercalated segment is therefore fully dependent on 
the mechanical forces from articulations, capsule and ligaments. 
 The bones in the distal row are firmly fixed relative to each other, due to the intercarpal 
ligaments. They are also tightly attached to the metacarpal bones, creating the carpo-
metacarpal (CMC) joints. The ligamentous connections between the trapezoid and capitate  
to the index (second) and middle (third) finger metacarpals, respectively, are so tight  that 
the distal carpal row has been considered as a fixed component that moves in response 
to musculotendinous forces produced in the forearm3. 
 Fibrous capsule surrounds the joints of the wrist. The bones are held together by 
ligaments that provide carpal stability by connecting the bones on the dorsal side as well 
as on the palmar side. The carpal ligaments are divided into 2 groups: intrinsic and extrinsic 
ligaments. The intrinsic ligaments connect adjacent carpal bones (Figure 2 and Figure 3). 
The extrinsic ligaments bridge the carpal bones to the radius or metacarpals4 (Figure 4 
and Figure 5).

Figure 2   A schematic representation of the intrinsic ligaments on the dorsal side of the 
wrist with labels naming the ligaments.



11

GENERAL INTRODUCTION

1

Figure 4   A schematic representation of the extrinsic ligaments on the dorsal side of the 
wrist with labels naming the ligaments.

Figure 3   A schematic representation of the intrinsic ligaments on the palmar side of the 
wrist with labels naming the ligaments.
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Movement of the wrist and the thumb

The wrist moves in two directions, flexion, extension, radial and ulnar deviation. The range 
of motion is noted as the maximum possible motion in one direction. In clinical studies it 
is measured to see if this is changed. Better range of motion is supposed to result in a 
better function. Pro- and supination is a resultant of movement of the forearm however 
complaints of the wrist can sometime lead to a limited motion of the forearm (figure 6).
 The Thumb moves in 3 directions. Abduction and Adduction, Flexion and Extension 
and opposition and reposition. (Figure 7).

Osteoarthritis

Osteoarthritis is degenerative disease of the joint and is diagnosed by means of X- rays. 
The main findings on the X-rays are joint space narrowing, cysts, and osteophytes. 
Osteoarthritis can be symptomatic or asymptomatic and can occur in any joint. In the 
Netherlands almost 1.2 million inhabitants have osteoarthritis5. Which is over 7% of the 
population. The total health care cost of osteoarthritis in the Netherlands in 2011 was 
more than 1 billion euro’s which is 1.2 % of the total healthcare costs. 

Figure 5   A schematic representation  of the extrinsic ligaments on the palmar side of 
the wrist with labels naming the ligaments.
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 Symptomatic osteoarthritis of the hand occurs in 13- 26% in the population over  
50 years. The prevalence of radiographically diagnosed hand osteoarthritis was approximately 
90% in persons over 70 years of age. Clinical symptoms correlate poorly with radiographic 
changes6–8. In the study of Zhang et al. is shown that of persons who had radiographic 
hand osteoarthritis, only 9 percent of the men and 17 percent of the women had clinical 
symptoms8 
 Patients with symptomatic hand osteoarthritis have weaker grip and pinch strength 
and often have functional complaints in hand function that require either precise pincer 
or power grip8,9. 

Figure 6   Motion of the Wrist and forearm.

Figure 7   Motion of the trapeziometacarpal joint.
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 Grading is used to determine the severity of the disease. Grading is required to guide 
the treatment. Grading is also used to determine the effects of interventions and to 
compare patients in studies. The most widely used grading system of osteoarthritis of the 
hand  is described by Larsen10 (table 1). He made a classification which can be used to 
describe every joint in the hand and wrist. It is performed by an evaluation of hand and 
wrist x-rays. It is based on soft tissue swelling and the degree of joint space narrowing or 
destruction. For the ulnar head he proposed a slightly modified classification. Because 
there is no good evaluation possible of the joint space between the ulnar head and radius 
it is based on soft tissue swelling erosions of the ulnar head and bone loss.

 Osteoarthritis can be idiopathic or caused by inflammatory disease (for instance 
rheumatoid arthritis), posttraumatic, congenital, or as a resultant of avascular necrosis of 
one of the carpal bones.
 Posttraumatic osteoarthritis can be seen after a mal- or nonunited fracture. A good 
example of this is the SNAC wrist (scaphoid non-union advanced collaps first described by 
Vender 198711). A ligament rupture like SLAC wrist (scapho lunate advanced collaps) 
following a SL dissociation as first described by Watson in 198412 can also be the cause of 
osteoarthritis of the wrist.
 Avascular necrosis can be seen in the Scaphoid than it is called Preiser’s disease13.  In the 
Lunate it is called Kienböck’s disease or Lunatomalacie14.
 The common factor in all these causes is that the normal biomechanics are disturbed, 
either by disturbance of the joint surface or by instability of the ligaments. Prevention of 
further deterioration in the early stages is aimed at restoring the normal biomechanics; 
correction malunion, restoring ligaments, improving vascularity. If the patient is seen at a 

Table 1  Larsen score of osteoarthritis of the Hand10

Ulnar head Other wrist/ finger joints

0 Normal

1 Osteoporosis, swelling of the periarticular soft tissue without  
or with minimal joint space narrowing.

2 Normal architecture with erosions. Joint space narrowing by at least 50%  
and erosions

3 Abnormal architecture and erosions. Destruction is moderate.  
Obliteration of the joint space.

4 Over 50% loss of ulnar styloid. Severe destruction.  
Joint line remains discernible.

5 Complete loss of ulnar styloid. Mutilans. Joint line not discernible
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later stage or early treatment has failed salvage procedures can be an option, but they 
sacrifice or replace part of the joints.

Rheumatoid Arthritis
Rheumatoid arthritis is an inflammatory autoimmune disease that affects multiple joints. 
If rheumatoid factor can be detected it is associated with a more aggressive disease. The 
most important symptoms are pain and stiffness. Early detection in combination with 
medical treatment will lead to a more favourable course. In 2011 there were about 116.000 
inhabitants with rheumatoid arthritis in the Netherlands. 36% was male and 74 % was 
female. The prevalence is rising in the Netherlands. 15. The criteria of making the diagnosis 
rheumatoid arthritis  published by Arnett in 1988 are widely accepted16 The criteria are 
morning stiffness, swelling of three or more joints, swelling of the proximal interphalan-
geal, metacarpal or wrist joint, symmetric swelling, rheumatoid nodules, IgM rheumatoid 
factor positive and radiographic erosions and /or osteopenia. The first four criteria must 
have been present for at least 6 weeks. Rheumatoid arthritis is diagnosed in the presence 
of 4 or more criteria.
 For measuring outcome in patients with rheumatoid arthritis, general questionnaires 
are mostly used, like the DAS 2817 and the AIMS218.  The DAS-28 looks at the number of 
tender and swollen joints. The AIMS2  measures health status. These questionnaires 
however are not joint or site specific. There is no specific questionnaire for the hand or 
wrist problems in rheumatoid arthritis. The DASH19 is widely used for measuring outcome 
in the  upper extremity . The difficulty of measuring outcome in rheumatoid arthritis is 
that mostly more joints of the upper extremity are involved. In the initial validation study 
rheumatoid arthritis was an exclusion criterion19.  
 Availability of the DASH for the population of RA patients with upper extremity disorders 
would be an excellent expansion of the subjective outcome measurements for this group,  
since no upper extremity-specific subjective score is available yet for RA patients.

Rheumatoid arthritis and wrist instability
The wrist is one of the first sites where RA becomes symptomatic 20–22. Synovitis causes 
damage to the cartilage and the subchondral bone, but also the ligaments and tendons 
can be involved. The inflammation of the tendons and ligaments may result in instability 
which occurs at an average in 35.2% of the patients with wrist RA4,23. Instability of the wrist 
becomes symptomatic between 8 and 13 years after onset of RA 23. The normal sequence 
that leads to the degeneration of the carpus in rheumatoid arthritis starts with the 
scapho-lunate ligament which is prone to weakening from the synovitis. When it weakens 
it leads to flexion of the scaphoid and collapse of the radial side. Stretching of the wrist 
ulnar collateral ligament further weakens the ulnar column support. These two events 
ultimately lead to the typical carpal suppination pattern24. Because the normal biomechanics  
are disturbed it will lead to degeneration joints.
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Early treatment of the wrist in RA
Treatment of rheumatoid arthritis always starts conservative with medication. There is 
now consensus that treatment with disease modifying anti rheumatic drugs (DMARDSs) 
should be started as soon as the diagnosis is clear. The goal of the treatment is to reach 
remission of the disease25. For pain control NSAID’s, splinting and hand therapy can be 
used. Also local corticosteroid injections can be used.
 In the case conservative treatment fails operative treatment can be an option. In the 
early phase synovectomy possibly combined with a ulnar head resection can be 
performed. In later phases partial or total arthrodesis or joint arthroplasty can be chosen.

Kienböck’s disease
Kienböck’s disease is characterized by diminishing bloodflow in the lunate, which leads to 
micofractures of the lunate. In a later stage the cortex  of the lunate will be damaged, 
which will lead to degenerative changes of the wrist and instability if also the ligaments 
get torn. It is mainly unilateral and the patients normally are in the ages 20 to 40. There are 
theories that vascular or anatomical abnormality can lead to Kienböck’s disease26. It is 
assumed that a shorter ulna is a provocative factor or that in the case of a Kienböck’s 
disease it is the course of progression27,28. According to Bain et al.29 the disease starts with 
a vascular insult which if persistent compromises the bone and will lead microfractures 
and irreversible damage of the bone architecture. This will lead to osteoarthritis and 
further on to ligament damage and instability of the wrist. Treatment depends on the 

Table 2  Lichtman’s classification30

Stage 1

Stage 2

Stage 3A

Stage 3B

Stage 4

Radiographs are normal except for the possibility of linear or compression fracture.

Disease in this stage is still localized to the lunate. The size, shape, anatomic 
relationship, and kinematics of the carpal bones are not substantially changed.  
The lunate has increased density relative to the carpal bones. Some height may  
be lost on the radial side of the lunate, late in this stage.

The lunate has collapsed in the frontal plane and elongated in the sagital plane. 
The capitate begins to migrate proximally. The kinematics of the proximal row  
are changed minimally.

Further deterioration of Stage 3A disease. The lunate has collapsed with fixed 
scaphoid rotation and other secondary derangements.

All the findings of Stage 3 are present, in addition to generalized carpal 
degeneration.
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stage of the disease which originally  is classified according to Lichtman30 by evaluating a 
X-ray of the hand. (Table 2). Nowadays more and more the MRI is used for diagnosing 
Kienböck’s disease in an early stage. In the very early stages the disease can be reversed, 
in stage 2 and 3 the aim is stabilization. In stage 3B and 4 the is an instable and severely 
destruction wrist in those stages only salvage procedures are possible. 
 In stage 1 and 2 treatment is started with splinting. From stage 2 surgical options can 
be considered. An attempt to reverse the disease can be done by a vascularized bone 
graft31–33. For stabilization of the disease radial osteotomy27,34 and  capitate osteotomy32 
can be chosen. Possible salvage procedures are proximal row carpectomy35–37, scaphocapitate 
or scaphotrapezio-trapezoid-capitate arthrodesis37,38 and arthroplasty.
 In patients with Kienböck’s disease with a shorter ulna in an early stage a radial 
shortening osteotomy seems a good option to restore the balance and equally dived the 
force coming from the forearm to the wrist. The question arises if this procedure prevents 
further deterioration of the wrist necessitating a savage procedure. 

Osteoarthritis of the Thumb- Trapeziometacarpal
Osteoarthritis of the thumb is very common and the prevalence increases with age.  
The prevalence reported is up to 33 % in post-menopausal women39. Above the age of  
80 years the prevalence increases up to 91%6. The age-adjusted prevalence of thumb 
 carpometacarpal osteoarthritis is 7% for men and 15% for women40. Disturbance of  
the biomechanics after fractures or by ligamentous laxity and subluxation  are common 
causes of osteoarthritis of the trapeziometacarpal joint41. Just like rheumatoid arthritis, 
osteoarthritis of the thumb leads to impairment of the hand function.

Classification of osteoarthritis of the trapeziometacarpal joint
Osteoarthritis can be classified to the degree of the destruction of the trapeziometacarpal 
joint, subluxation of the joint and the involvement of the scaphotrapezial or the trapezio-
trapezoid joint. The classification of Eaton and Littler is based on this and is widely used 
(Table 3).

Conservative treatment of osteoarthritis of the thumb
For the management of symptomatic osteoarthritis of the trapeziometacarpal joint the 
usual initial treatment  is splinting either with neoprene or a commercially available splint 
43,44. For further pain relief of these patients it is advised to start with oral paracetamol. 
Oral non-steroidal anti-inflammatory drugs (NSAID’s) are second line but proven to be 
effective 43,45. For patients who do not respond to this, the next course of action is usually 
intra- articular corticosteroids 46,47 or hyaluronates 45,47–49
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Surgical treatment of osteoarthritis of the thumb
If conservative treatment fails surgical treatment becomes an option. For the early stages 
volar ligament reconstruction50 or dorsal extension osteotomy are possible51. For later 
stages (2 to 4) trapeziectomy alone or combined with a procedure to stabilize the 
metacarpal base, arthrodesis or prosthesis can be performed. A meta-analysis performed 
by  Wajon et al. and published by The Cochrane Database concluded in 2015 that none of 
the surgical procedures is superior to another52. On the other hand it was found that the 
incidence of complications was higher with ligament reconstruction and tendon 
interposition than with trapeziectomy alone52  Cemented total joint arthroplasty does not 
give superior results on the long term if compared with ligament reconstruction and 
tendon interposition 53. Recently the hemi arthroplasties have come on the market. They 
give reasonable good short term results,  but they also have a high complication rate54.

Table 3  Eaton Classification of  osteoarthritis of the Thumb42

Stage 1

Stage 2

Stage 3

Stage 4

Characteristics on X ray

Normal or slightly widening of the  trapeziometacarpal joint; trapeziometacarpal 
subluxation maximum one-third of the articular surface; articular contours are 
normal

Trapeziometacarpal joint space is decreased; trapeziometacarpal subluxation 
maximum one-third of the articular surface; osteophytes or loose bodies <2 mm

Trapeziometacarpal joint space is decreased; trapeziometacarpal subluxation over  
one-third of the articular surface; osteophytes or loose bodies 2 mm or larger; 
subchondral cysts or sclerosis

Involvement of the scaphotrapezial joint or the trapeziotrapezoid or 
trapeziometacarpal joint of the index
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Current Issues aims and outlines of the Thesis

This thesis is divided in two parts. The first part concerns rheumatoid arthritis and the 
second part degenerative diseases of the carpus.

Part 1 Rheumatoid arthritis

Synovitis of the wrist weakens the ligaments and disturbs the biomechanics of the wrist 
and will lead to degeneration of the joints of the hand and wrist. Early diagnosis and 
treatment of wrist instability might prevent further deterioration of the wrist and subsequently 
it might prevent deviation of the metacarpals and destruction. Early intervention might 
prevent loss of function caused by instability and destruction. In chapter 2 a systematic 
review of the literature describes how to diagnose instability of the wrist in rheumatoid 
arthritis and which treatment modalities are possible. This study was aimed at identifying 
the criteria as reported in the literature for the diagnosis of Radiocarpal instability in 
rheumatoid arthritis. Which are the radiographic parameters to define instability and what 
are the normal values? What are the diagnostic tests and what is the value of each test? 
Other study questions: are there different types of carpal instability in RA. What is the 
epidemiology of carpal instability in RA patients? What are the functional impairments as 
caused by carpal instability, what are the treatment options and results of carpal instability 
in RA patients?
 Comparing different treatment modalities requires a standardized measurement. 
One can use patient reported outcome measure for analysing results of treatment. The 
Disability of Arm Shoulder and Hand (DASH) questionnaire was developed to measure the 
functional status of the upper extremity. It can be used to measure outcome. In most of 
the validation studies however rheumatoid arthritis was an exclusion criterion. Rheumatoid 
arthritis is a disease that is mostly multifocal. For usage of the questionnaire in rheumatoid 
arthritis it had to be validated for this group of patients. In chapter 3 the DASH Questionnaire 
is validated for use in patients with rheumatoid arthritis. The aim of this study was to 
validate the DASH for patients with rheumatoid arthritis. Our hypothesis was that the 
reliability and validity of the DASH are strong enough to justify the use for patients with 
rheumatoid arthritis.
 When treating an instable wrist in rheumatoid arthritis, one always considers how 
much motion one has to sacrifice to restore stability. For total stability one can perform a 
total arthrodesis but then all motion is sacrificed. The aim of the radiolunate and the radi-
oscapholunate arthrodesis is to stabilize the wrist while conserving motion in the wrist. In 
chapter 4 the mid-term and in chapter 5 the long term results of the radiolunate and the 
radioscapholunate arthrodesis are described for patients with rheumatoid arthritis in a 
clinical retrospective follow up study. The aim of the study in chapter 4 was to evaluate the 
results of the radiolunate arthrodesis. The most important study question was to evaluate 
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the radiological results and the patients satisfaction on the medium to long term. Our 
hypothesis was that the radiolunate arthrodesis has satisfactory results on the medium to 
long term.
 The aim of the study in chapter 5 was to determine the long-term outcome of 
patients treated with radiolunate (RL) or radioscapholunate (RSL) arthrodesis, and to 
determine whether the radiographic progression of midcarpal arthritis leads to clinical 
failure. The most important study question was to evaluate the radiological results and 
the patients satisfaction on the long term. Our hypothesis was that despite radiological 
worsening on the x-ray the patients satisfaction remains good.

Part 2 Degenerative wrist and trapeziometacarpal joint

If Kienböck’s disease is left untreated it will lead to instability of the wrist and osteoarthritis. 
One of the causes or risk factors of Kienböck’s disease is mechanical unbalance. In the case  
of an ulnar negative variety, most of the force transmitted from the forearm to the wrist 
goes through the radius. If the wrist is balanced by bringing the radius to the level of  
the lunate, the force transmitted from the forearm to the wrist is balanced, further 
deterioration of the wrist might be prevented. In  the long term results of the radial shortening 
osteotomy for patients with Kienböck’s disease are described in a clinical retrospective 
follow up study. The aim of this study was to find out whether the short- and medium-term 
functional results of radial shortening would endure in the long term. The most important 
study question was: are the patients treated with a radial shortening osteotomy in the 
presence of a negative ulnar variance satisfied after a follow up period of more than  
20 years? Our hypothesis was that patients who were treated with a radial shortening 
osteotomy for Kienböck’s disease in the presence of a negative ulnar variance are still 
satisfied after a very long term.
 Many different treatments are described for osteoarthritis of the trapeziometacarpal 
joint. The options can be divided in to 4 categories: arthrodesis, resection arthroplasty, 
trapeziectomy with tendon interposition and prosthesis. The first 3 methods have already 
been performed for many years, while the last option was recently developed. The 
question is what are the long term results of the arthrodesis, resection arthroplasty and 
trapeziectomy with tendon interposition. For the recently developed prosthesis early results 
have to be described. In Chapter 7 the long term results of partial trapeziectomy, trapeziectomy 
with ligament interposition and arthrodesis are compared in a non-randomized retrospective 
clinical trial. The aim of this study was to report the results of simple resection of  
the surfaces of the trapeziometacarpal joint and compare the results to trapeziectomy 
with tendon interposition and trapeziometacarpal arthrodesis. The most important  
study question was: Are the results of the simple resection better than the results of  
the trapeziectomy with tendon interposition and trapeziometacarpal arthrodesis. Our 
hypothesis was that the simple resection is better than trapeziectomy with tendon 
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interposition and trapeziometacarpal arthrodesis. In Chapter 8 the short term results and 
the complications of a pyrocarbon hemi arthroplasty of the trapeziometacarpal joint are 
described in a retrospective clinical follow up study. The aim of this study was to evaluate 
the short term outcomes of the Ascension® Nugrip™ CMC Implant. The most important 
study question was what are the difficulties and complications of this new implant. Our 
hypothesis was that this new implant would have its own specific complications
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Abstract

Background This study was aimed at identifying the criteria for the diagnosis of Radiocarpal 
instability in rheumatoid arthritis RA).
Methods The main databases were searched to identify studies describing the patho-
physiology of Radiocarpal instability in patients with RA. We focussed on the epidemiology, 
radiographic parameters, criteria for instability and on treatment options. 
Results In the search 108 articles were found, of these 12 studies were included for this 
review. Instability occurs in at an average of 35.2% of the rheumatoid wrists. The instability 
was found between 8 and 13 years after onset of rheumatoid arthritis. A strong correlation 
was found between instability, duration of RA and Larsen score. Several radiographic 
methods were described to evaluate Radiocarpal instability in RA. Several treatment 
options for instability in patients with RA are described. All with their own indications and 
limitations.
Conclusion On a standard AP radiograph deformity can be measured using the carpal 
height and the ulnar translation index of Chamay. This gives an indication for instability. 
For describing the deterioration of the joints the Larsen score is most used. If there are 
more radiographs in time the Simmen classification can be used. For real assessment of 
instability dynamic radiographs are needed.
Level of Evidence Level IV.
Keywords: Carpal instability, carpal ligaments, rheumatoid arthritis, wrist, pathophysiology, 
epidemiology, diagnosis, treatment
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Introduction

The wrist is frequently involved in rheumatoid arthritis (RA) and often the first site of 
expression of symptoms of the disease [1-3]. Within the wrist, synovial inflammation  
causes changes in articular cartilage and subchondral bone. There may also be involvement of 
the synovial lining of the ligaments and the tendons, particularly at the site of their 
attachment to the bone [4]. Synovitis at capsular insertions may stretch the intrinsic and 
extrinsic carpal ligaments, which may cause an abnormal transfer of loads (dyskinetics)
and abnormal wrist motion (dyskinematics), such as among others the so-called 
Radiocarpal and Midcarpal instability [5]. The functional stability of the wrist is determined 
by the shape of the carpal bones, the integrity of the supporting ligamentous structures 
and the function of the muscles in controlling wrist motion during functional tasks.  
The ligaments of the wrist are either intrinsic or extrinsic. The former are located within  
the carpus and link carpal bones, whereas the latter originate outside the carpus and 
attach to the carpal bones at some part of the anatomic course [5].
 The progression of wrist deformity is well described by Taleisnik (1985) [6] who 
postulated the sequential, predictable events in the RA wrist. The scapho-lunate ligament 
is prone to weakening from the synovitis, which leads to flexion of the scaphoid and 
collapse of the radial column. Stretching of the wrist ulnar collateral ligament attenuates 
the ulnar column support. These two events ultimately lead to the typical carpal supination 
pattern. It has been observed that the carpus may subluxate in an ulnar direction along 
the inclined radius. The consequence of carpal supination is the collapse of the radial 
wrist, which contributes to the radial deviation of the metacarpals and accentuates the 
ulnar deforming forces on the fingers at the MCP joints. The wrist joint may also subluxate  
in an anterior direction, which causes difficulties with wrist extension. Early detection  
en treatment of instability of the wrist might prevent further damage to the MCP joints 
and fingers. Early diagnosis and treatment of wrist instability might prevent further  
deterioration of the wrist en subsequently it might prevent deviation of the metacarpals 
and destruction. 
 Early intervention might prevent loss of function caused by instability and destruction.  
It was the initial intention of the authors to use a strict methodology for paper selection, 
focussing on objectively measurable variables of instability, separate evaluation of different 
stages of rheumatoid arthritis (early, middle and late) and comparison of dynamic radiographs 
with conventional radiographs the different diagnostic modalities. These standards had  
to be abandoned however, as almost none of the available papers fulfilled the above 
mentioned criteria. So this study was aimed at identifying the criteria as reported in the 
literature for the diagnosis of Radiocarpal instability in rheumatoid arthritis. Which are  
the radiographic parameters to define instability and what are the normal values?  
What are the diagnostic tests and what is the value of each test? Other study questions: 
are there different types of carpal instability in RA. What is the epidemiology of carpal 



32

CHAPTER 2

instability in RA patients? What are the functional impairments as caused by carpal 
instability, what are the treatment options and results of carpal instability in RA patients?

Materials and methods

The search of the literature performed in this study was limited to published original 
studies including male and/or female patients with uni- or bilateral rheumatoid arthritis of 
the wrist. Rheumatoid arthritis was defined with revised criteria for the classification of 
rheumatoid arthritis of the American Rheumatism Association [7]. All types of instability  
of the rheumatoid wrist in humans were included. Articles concerning instability of the 
distal radio ulnar joint were not included in this review, except when the patients with 

Figure 1   Flowchart summarizing the selection of relevant articles.

Search in MEDLINE,
EMBASE and Cochrane library

 

Inclusion criteria:

All articles from 1980 onwards 
which presented data 
concerning Radiocarpal 
instability in patients with R.A.

No language restrictions
and RCTs and CCT s were 
included      

108

Data extraction 

 

Excluded articles 

Screening related articles and references
12 
 

11 articles
[2, 11, 12, 16, 19, 20, 22, 27, 32, 36, 44]

1 book chapter
[37]   
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Radiocarpal and Midcarpal instability could be analysed separately. Only original published 
studies were included; review articles, expert opinions and abstracts from scientific 
meetings were excluded. The main databases Pubmed/ MEDLINE, Cochrane Clinical Trial 
Register, Current Cont- rolled Trials and EMBASE were searched from 1968 to September 
2013 to identify studies relating to the patho- physiology, prevention, diagnosis, treatment 
and prognosis of radio- and Midcarpal instability in patients with rheumatoid arthritis of  
the wrist (Fig. 1).
 The applied search terms were: Radiocarpal instability, carpal ligaments, rheumatoid 
arthritis, wrist and pathophysiology. Furthermore, the lists of references of retrieved 
publications were manually checked for additional studies potentially meeting the 
inclusion criteria and not found by the electronic search. The search was restricted to 
articles written in the English, German, French and Dutch language. From the title, abstract,  
two reviewers (ER, MB) independently reviewed the literature searches to identify relevant 
articles for full review. From the full text, using the above mentioned criteria; two reviewers 
(ER, MB) independently selected articles for inclusion in this review. Any disagreements 
were resolved by consensus on the articles to be included.

Results

The search strategy revealed 108 articles. After deduction of the overlaps between the 
different databases, evaluation of the abstracts and for some studies contact with the 
authors, a final total of 31 potentially eligible studies remained. The full texts of these 
articles were retrieved and thoroughly assessed as described above. This resulted in the 
inclusion of 11 studies [8-18], involving 576 patients with 687 unstable wrists (Table 1). 
From the initial 11 published references an additional book chapter was added [19].  
The main reason for exclusion of the other 20 articles was that studies did not describe 
Radiocarpal nor Midcarpal instability in rheumatoid wrists but other types of instability 
and many articles did not describe original research. The publication dates span 20 years; 
in 1992, Simmen and Hagena’s [19] paper published was earliest and the paper from, 
Shimizu et al. [17] was the most recent publication. Five studies were performed in Europe, 
2 in North America and 5 in Japan.

Epidemiology
Instability occurs in at an average of 35.2% (Range 17- 44%) of the rheumatoid wrists in the 
studies were prevalence was reported [8, 10, 11, 13-16, 18, 19].
 The instability was found between 8 and 13 years after the onset of the rheumatoid 
arthritis [8, 11, 12, 14, 16]. Muramatsu [16] found a strong correlation between instability 
duration of RA and Larsen score.
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Radiographic Parameters
Several radiographic methods were described to evaluate Radiocarpal and Midcarpal 
instability in rheumatoid wrists.
 The Simmen classification [19]; this is not a true radiographic classification it is merely 
a classification of the changing of the X-ray in time. The late stage of wrist destruction in 
rheumatoid arthritis was classified into three groups. I Ankylosis, II osteoarthritis and III 
disintegration Larsen scoring system (Table 2 and Fig. 2) [20] is based on the severity of 
joint space narrowing of the wrist and erosions of the wrist and the ulnar head. Carpal 
height ratio (CHR: Fig. 3) [21], is calculated by dividing the length of the third metacarpal 
by the height of the Carpus. Carpal Translation Index (CTI: Fig. 4) [22], is calculated by 
dividing the ulnar distance (distance from centre of the Capitate tot the centre axis of  
the Ulna) by the length of the third metacarpal. Radial Rotation Index (RRI: Fig. 5) [23]:  

Table 2  Larsen Score24

Modified Larsen Score

Ulnar Head Other Wrist/Finger Joints

0 Normal

1 Osteoporosis, periarticular soft tissue swelling with or  
without minimal joint space narrowing.

2 Erosions with normal architecture. Erosions with joint space narrowing  
by at least 50%

3 Erosions with abnormal architecture. Moderate destruction.  
Obliteration of the joint space.

4 Minimum 50% loss of ulnar styloid. Severe destruction.  
Joint line remains discernible.

5 Complete loss of ulnar styloid. Mutilans. Joint line not discernible

Table 1  Pubmed/Medline search strategy

(“joint instability”[MeSH Terms] OR (“joint”[All Fields] AND “instability”[All Fields])  
OR “joint instability”[All Fields])  
AND
(“wrist”[MeSH Terms] OR “wrist”[All Fields] OR “wrist joint”[MeSH Terms] OR  
(“wrist”[All Fields] AND “joint”[All Fields]) OR “wrist joint”[All Fields] OR “carpus”[All Fields])
AND
(“arthritis, rheumatoid”[MeSH Terms] OR “rheumatoid arthritis”[tw]).
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Figure 2   Larsen score [24].

Figure 3   Carpal Height ratio CHR [45]. Figure 4   Carpal Translation Index [28].
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The angle is measured between a line which is drawn in the longitudinal axis of the 
second metacarpal shaft at the radial cortex. A second line is drawn from the tip of the 
radial styloid at the radial limit of the articular surface to the ulnar limit on the volar side of 
the distal radius. Scaphocapitate angle (SCA: Fig. 6) [24]; the angle between the lines 

Figure 5   Radial rotation index RRI [35].

Figure 7   Scapho lunate angle SLA [26].

Figure 6   SCA – scapho capitate angle [26].

Figure 8   Capitate lunate angle [26].
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drawn at the longitudinal axis of the Scaphoid and the longitudinal axis of the Capitate1 on 
a lateral radiograph of the wrist. Scapholunate angle (SLA: Fig. 7) [24], the angle between  

1 In the original publication incorrectly phrased as “scaphoid axis”

Figure 9   Ulnar carpal translation UCT [13].

Figure 11   Radio Lunate Angle RLA [24].

Figure 10   Ulnar translation index [26].
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the lines drawn at the longitudinal axis of the Scaphoid and the longitudinal axis of the 
Lunate on a lateral radiograph of the wrist. Capitolunate angles (CLA: Fig. 8) [24], the angle 
between the lines drawn at the longitudinal axis of the Capitate and the longitudinal axis 
of the Lunate on a lateral radiograph of the wrist. Ulnar Carpal translation (UCT: Fig. 9) [25]; this is  
the distance from the centre of the proximal Capitate to the line bisecting the longitudinal 
axis of the radius. For compensation of hand size the distance is dived by the length of  
the third metacarpal. Ulnar translation Index (UTI: Fig. 10) [26] Parameters for measuring 
collapse and translation of the Carpus. Centre of rotation of the Carpus. L1 length of  
the 3rd metacarpal, L2 height of the carpus, L3 carpo-stylo-radial distance. L3/L1 index of 
carpal translation.
 Radio Lunate Angle (RLA: Fig. 11) [24] the angle between the lines drawn at the 
longitudinal axis of the Radius and the longitudinal axis of the Lunate on a lateral 
radiograph of the wrist.
 Carpal stretch test (CST) [17] for evaluation of vertical laxity. In this test the index and 
middle finger are pulled; Vertical laxity is judged to be significant when the Radiocarpal 
joint space is at least 3 mm in width, or at least 3 mm of vertical laxity in both the 
Radiocarpal and Midcarpal joint.

Criteria for instability

Some of the above mentioned tests have normal values of which instability can be 
deducted. Normal values are, for the Carpal height ratio (CHR): 0.54±0.03, for the Ulnar 
translation index (UTI): 0.28±0.03. For the Radio Lunate Angle RLA the average is -5º and  
if the RLA is more than +15º it means that the wrist has an dorsal intercalated instability 
(DISI) whilst if the RLA is less than -20º in indicates a volar intercalated segmental instability  
(VISI)[24]. The normal value of the Carpal Translation Index (CTI) [22] is 0.30±0.03, for the 
Scapho Lunate Angle (SLA) this is 46 ±15º [24], for the Capito Lunate Angle (CLA)this is 
0±15º [24]. The Scapho Capitate Angle can be calculated: SCA+SLA=CLA.
 Carpal stretch test (CST) [17] for evaluation of vertical laxity. In this test the index and 
middle finger are pulled; Vertical laxity is judged to be significant when the Radiocarpal 
joint space is at least 3 mm in width, or at least 3 mm of vertical laxity in both the 
Radiocarpal and Midcarpal joint (Table 3).

Treatment
In 10 studies [9, 10, 12, 13, 15, 17-19]. 7 different treatment options or combinations of 
treatment were described.

Synovectomy
Radio-carpal and mid-carpal synovectomy increased the carpal ulnar sliding [9].
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Tendon Transfer
The modified Shapiro’s angle was corrected by transfer of the extensor carpi radialis 
longus on to the extensor carpi radialis brevis [9].

Resection of the Distal Ulna
Resection of the distal Ulna is described by Masada [15]. They found good results in the 
stable wrist (Simmen classification), but in the unstable wrists they found a collapse of the 
wrist in 6 out of 11 wrists. Simmen described that comparing carpal height ratio and ulnar 
translocation between non-operated and operated (dorsal wrist synovectomy and distal 
ulna excision) revealed no significant difference for carpal height loss. Distal ulna resection 
initially led to an increased ulnar translocation, however later on the ulnar translocation 
was similar to none operated wrists [19].

Radiolunate Arthrodesis
Radiolunate arthrodesis was described by Della Santa and Chamay [10], they concluded 
that it can prevent dislocation of an unstable wrist but it cannot prevent deterioration. 
Justen en Westenhage [13] concluded that the Radiolunate arthrodesis was successful in 
correcting the lunate drift in the sagittal plane.

Radiolunate and Radioscapholunate Arthrodesis
Ishikawa [12] advises Radiolunate or Radioscapholunate arthrodesis for the unstable wrist 
with moderate deterioration, he combines this with the Darrach procedure and tenosyn-
ovectomy of the extensor tendons.

Synovectomy Combined with Sauvé-Kapandji
The Sauvé-Kapandji procedure limited ulnar sliding and radial tilting of the carpus [9, 17].

Wrist Arthroplasty
The wrist arthroplasty has a 50% rate of failure [18].

Table 3  Criteria for instability

Normal values:
Carpal height ratio (CHR): 0.54±0.03 Ulnar translation index (UTI): 0.28±0.03
Radio Lunate Angle RLA: average = -5º; RLA < +15º means DISI; RLA > -20º means VISI,
Carpal Translation Index (CTI): 0.30±0.03 , Scapho Lunate Angle (SLA): 46 ±15º  
Capito Lunate Angle (CLA): 0±15º
Scapho Capitate Angle: SCA+SLA=CLA
Carpal stretch test positive if >3mm or > 3 mm of vertical laxity
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 No treatment described in the studies of Muramatsu [16] Kushner [14] and Flury [11].
The problem with all the studies that describe treatment is that it is not clear how instability  
is measured and how the patients are distributed among the subgroups. As there are no 
comparative studies that measure outcome of the different procedures.

Discussion

In treating Radiocarpal and Midcarpal instability in patients with RA it is important to 
understand the underlying pathophysiology. There are no basic studies on that topic. 
However there are reports that describe assumptions on the pathophysiology.
 Harrington et al. [27] stated that jointspace narrowing and carpal instability develop 
due to pannus resulting in disruption of articular cartilage and interosseous ligaments.  
A DISI pattern may occur because of disruption of the scapholunate interosseous ligament  
and the distal attachment of the palmar Radiocarpal ligament. A VISI pattern may be 
present because of synovial destruction of the ulnar carpal ligaments.
 According to Stäbler [28] the start of the radiological destruction is the erosion of the 
SL and the RSL ligament. This leads to progressive SL dissociation. These are assumptions 
and the author does not give a scientific explanation.
 In the study of Milz et al. [29] they found that the high fibrocartilaginous nature of  
the scapholunate interosseus ligament, (and notebably the presence of aggrecan, link 
protein, COMP;a non-collagenous protein, and type II collagen), could explain why the 
ligament is an early target for destruction in the rheumatoid wrist, because it is known 
that in rheumatoid arthritis there is an autoimmune response against antigens known to 
be present in articular cartilage [30-34].

The study of Muramatsu demonstrated a typical pattern of carpal instability: In the 
early to middle stages of the disease, the lunate flexes volarly in relation to the 
scaphoid. This instability is caused by laxity of the extrinsic ligaments in the proximal 
carpal row. Persistent synovitis eventually leads to interosseous ligament destruction, 
particularly of the Scapho-Lunate interosseous ligament. In the middle to late stages, 
the Capitate flexes dorsally. This malalignment of the Midcarpal joint may be related 
to laxity of the extrinsic ligaments and causes a significant decrease in Carpal Height. 
(Muramatsu, 2004, p. 35)

 There are some studies that claim that the instability starts with the caput ulnae 
syndrome [35]. The caput ulnae syndrome is a complex of synovial swelling and dorzalisation 
and instability of the caput ulna in RA which leads to painful pro and supination and 
reduced strength [36] tenosynovitis in the ECU leads to a elongation of the tendon. 
Because of a lack of counter weight to the ECRL this leads to radial deviation of the carpus. 
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Following the chain of Landsmeer [37] and Shapiro [38] this leads to ulnar drift of the 
fingers. In the meantime a destruction of the SL ligament leads to a dissociation.  
The resulting instability will lead to a dislocation of the Lunate and the Capitate [39].
 It is difficult to give criteria for instability since almost all the studies use different 
criteria. Arimitsu [8] defined instability as the ulnar carpal translation is 9.5 and the carpal 
height ratio is 0.30. Ishikawa [12] includes the patients to the study if the Larsen Dale Eek is 
more than stage II, the Midcarpal joint space is equal or larger than 1mm, if there is an 
Ulnar shift or palmar subluxation (e/MC>0.12, h/MC>0.24) and the SL dissociation has to 
be over 3mm. Justen and Wessinghage [13] include the patients if they are stadium IV a of 
Alnot [40]. Kushner [14] talks of definitive instability if the Scapholunate angle is over 80º 
and of possible instability if the SLA is 60-80º. Muramatsu [16] describes DISI and VISI 
patterns and scapholunate dissociation of over 2mm. Simmen and Hagena [19] describe 
instability in time but they do not have hard criteria. The studies of Chantelot [9], Della 
Santa and Chamay [10], Flury [11] and Masada [15] do not give criteria on which they 
decide if there is instability.
 There are some normal values for some of the measurements. The normal Carpal 
height ratio (CHR) is 0.54 ± 0.03 [21], the normal Ulnar Translation Index (UTI) is 0.28 ± 0.03 
[26], the average of the Radio Lunate Angle (RLA) is between - 5º and +15º. If the RLA is 
more than 15º means the wrist has a DISI and if the RLA is less than - 20º it means the wrist 
has a VISI [24]. The normal value of the Carpal Translation Index (CTI) is 0.30 ± 0.03 [22].  
The normal value of the Scapho-Lunate Angle (SLA) is: 46 ± 15º [24]. The normal value of 
the Capito-Lunate Angle (CLA) is 0 ± 15º[24]. The Scaphocapitate Angle can be calculated 
by subtracting the SLA from the CLA (SCA=CLA- SLA)[24], Radial Rotation Index (RRI)[23] 
does not have a normal value. Ulnar Carpal translation [25] and vertical laxity of the wrist 
Carpal stretch test are positive if >3mm or > 3 mm of vertical laxity.
 The problem with all these values is that they are measured on a radiograph, while 
instability is a dynamic problem. The study of Arimitsu [8] tries to measure the instability 
on a 3D CT however in the end they still use the Ulnar carpal translation, the carpal height 
and SL dissociation. In the future dynamic CT or dynamic 3D fluoroscopy might be the 
solution, however it is not available in a lot of places around the world and it is costly 
especially if the examinations have to be done in yearly controls. There are some studies 
that describe this however not on rheumatoid arthritis patients so far [41]. There are 
different treatment options in literature for in stability of the wrist; Synovectomy [9] which 
give s good pain relief however it does not stabilize the wrist nor does it prevent further 
deterioration. Tendon transfer [9] can corrected the alignment of the wrist but also does 
not prevent deterioration. The Radiolunate arthrodesis restores carpal height and stabilizes  
the wrist but also does not prevent deterioration [10, 13, 42, 43]. Radioscapholunate 
arthrodesis can be performed if there is also deterioration between the scaphoid and the 
radius, but it has no advantages, nor disadvantages above Radiolunate arthrodesis [12, 42, 
43]. Sauvé Kapandji procedure prevents Lunate dislocation on the ulnar side [9, 17, 44]. 
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Total wrist arthrodesis and Wrist arthroplasty can be performed if there is a total 
deterioration of the wrist. There is a systematic review on fusion or arthroplasty of the 
wrist in rheumatoid arthritis [45], outcomes for total wrist fusion were comparable and 
possibly better than those for total wrist arthroplasty in rheumatoid patients. The average 
follow-up period was 4.5 years. The study of Ward with a minimal follow up of 5 years 
shows a dramatic Kaplan Meyer survival curve with a revision rate of 50% at 5 year [18].  
If you take in account the high revision rate one cannot defend an arthroplasty for instable 
wrist in rheumatoid arthritis.
 In our opinion synovectomy is accepted only in the early stages where there is no clear 
evidence of instability. Tendon transfer is also preserved for early stage instability without 
joint destruction (LDE 1-2). If there is mild joint destruction and clear instability (for instance 
LDE 1-2 and abnormal carpal height and ulnar translation index, or Simmen III) partial 
arthrodesis like Radiolunate, Radioscapholunate arthrodesis or Sauvé-Kapandji procedure 
should be performed. In later stages with clear Midcarpal joint destruction total wrist 
arthrodesis is in our opinion the treatment of choice. Maybe in the future there will be better 
Wrist arthroplasties that have better outcome and a lower revision rate to validate its use.

Recommendations for clinical practice
On a standard AP radiograph deformity can be measured using the carpal height and the 
ulnar translation index of Chamay this gives an indication for instability. For describing the 
deterioration of the joints the Larsen score is most used. If there are also radiographs in 
time than also the Simmen classification can be used. For real assessment of instability 
dynamic radiographs are needed.
 Frequent checkups are essential because RA patients are used to slowly worsening of 
function and pain. This may lead to late recognition of instability in a stage where there is 
already joint damage and only salvage treatment modalities remain.

Recommendations for future research
A study comparing X ray results and measurement based on the X ray should be compared 
with dynamic CT scan or dynamic Fluoroscopy.
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Abstract

Objective The Disability of Arm, Shoulder and Hand (DASH) questionnaire is a tool for 
measuring physical function and symptoms of the upper extremity. Although widely used,  
it is not validated for rheumatoid arthritis (RA). In this study the DASH was validated for  
this patient group.
Methods In total, 102 patients participated in this study. For the validation, the questionnaires 
of the DASH, the Health Assessment Questionnaire (HAQ), the Medical Outcomes Study 
Short Form-36 (SF-36), and the Arthritis Impact Measurement Scale (AIMS2) were used. 
Patients were examined clinically before completing the questionnaires. Pain was scored 
by each patient using a visual analog scale (VAS). The Disease Activity Score (DAS28) was 
obtained and grip strength was measured. Reliability was tested by a second DASH 
questionnaire after 2 days. Validity was tested using a Pearson correlation analysis for the 
relevant domains of the questionnaires and for the clinical aspects.
Results The reliability of the DASH was excellent (intraclass correlation coefficient 0.97). 
Internal consistency was strong (Cronbach’s alpha 0.97). Validity was proven with excellent 
results for Pearson correlation with the relevant domains of the questionnaires: HAQ,  
r = 0.88; SF-36, r = 0.70; and AIMS2, r = 0.85. The clinical scores had a relatively low correlation 
with the DASH (DAS28, r = 0.42; and grip strength, r = 0.41–0.48), except for the VAS  
(r = 0.60–0.65).
Conclusion The DASH is a reliable and valid questionnaire in patients with RA. It can be 
used as a measurement tool of physical disability of the upper extremity.
Key Indexing Terms: Construct validity, disability of arm, shoulder and hand, rheumatoid 
arthritis, DASH
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Introduction

Orthopedic surgeons and rheumatologists are increasingly interested in determining the 
outcome of their interventions, whether surgical or nonsurgical. Several disease or site- 
specific subjective outcome measures are available. For patients with rheumatoid arthritis 
(RA) several questionnaires were developed to measure quality of life and physical disability. 
Those questionnaires are not specific to the site of the disease. Especially in patients with 
RA, disease activity in the upper extremity can be very invalidating. Hand and wrist 
symptoms are present in 43% and shoulder symptoms in 9% of these patients1-3. For 
independence, good functioning of the upper extremity during daily living is of utmost 
importance; therefore, a good standardized assessment is required. The Disability of Arm, 
Shoulder and Hand (DASH) is a questionnaire developed and validated in 1994 by the 
American Academy of Orthopedic Surgeons, the Council of Musculoskeletal Specialty 
Societies, and the Institute for Work and Health4. This questionnaire focuses on functional 
status and symptoms rather than one specific anatomic region or specific disease entity. 
The rationale for the development of the DASH was that the upper extremity is to be 
considered as one functional unit5. The DASH was developed to measure physical 
disability and symptoms of the upper limbs in a heterogeneous population, i.e., men and 
women, and individuals with mild, moderate, or severe disability and a wide variety of 
upper extremity disorders6. The purpose of the DASH questionnaire is to describe 
differences between groups of individuals in order to compare the effects of upper limb 
disorders and to compare outcomes in clinical studies.
 Since 1996 the questionnaire has been translated and validated in many countries 
and languages and for different disorders of the upper extremity7-9. In addition, construct 
validity and responsiveness have been tested10. However, in these studies, the presence of 
RA was an exclusion criterion7,9, or a subgroup analysis for RA patients was not possible8,10.
 Availability of the DASH for the population of RA patients with upper extremity 
disorders would be an excellent expansion of the subjective outcome measurements  
for this group, since no upper extremity specific subjective score is available yet.  
However, construct validity and reliability of the DASH cannot be assumed for the  
RA patient group, since it includes patients with pathology that is often diverse and 
multifocal, who are not comparable to otherwise healthy patients with isolated upper 
extremity disorders. Before using the questionnaire for this specific population, a proper 
validation should be performed to test whether the outcome measurement is valid for 
this population. We evaluated whether the DASH is a valid outcome instrument for upper 
extremity disability in patients with RA.
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Materials and methods

Patients and assessment of health status. We investigated construct validity and reliability 
of the Dutch DASH in RA patients who were rheumatoid factor positive. For this purpose 
a consecutive group of patients visiting the outpatient clinic of the Academic Medical 
Center, the Slotervaart Hospital (a large non academic hospital with special interest in RA), 
or the Jan van Breemen Institute (an outpatient clinic focused on RA and rehabilitation 
medicine) with rheumatoid factor positive RA and pain of the upper extremity were asked 
to participate in the study. A total of 122 patients agreed to participate, of whom 102 (84%) 
completed and returned the questionnaires. The average age of respondents was 57.5 
years (range 22.6–86.4) and 63.9% of respondents were female.
 Besides the DASH, the questionnaire used was constructed from the 36-item Short 
Form health survey (SF-36), the Health Assessment Questionnaire (HAQ)11, the Arthritis 
Impact Measurement Scales (AIMS2)12, and a 100 mm visual analog scale (VAS) for pain. 
Additionally, all patients were clinically examined according to the Disease Activity Score 
(DAS28)13 and grip strength was measured.
 The DASH is a self-administered site-specific questionnaire consisting of 30 questions 
to be answered by the patient concerning general functioning, and it is focused on the 
upper extremity and is entirely subjective. It includes 21 physical function items, 6 
symptom items, and 3 social role/function items. Each question consists of a 5-point Likert 
scale, leading to a total score from the best functional score of 30 to the worst functional 
outcome of 150. In order to simplify the results, the score is divided by the number of 
responses, subtracted with 1, and then multiplied by 25. This gives a best possible score of 
0 and a worst possible score of 100.
 The 28-joint Disease Activity Score, DAS28, is based on counts of the number of 
tender (TJC) and number of swollen (SJC) joints (of 26 upper extremity and knee joints) 
found on examination by the physician, the C- reactive protein (CRP value), and the 
patient’s global assessment using a visual analog scale (VASDAS)14.
 The SF-36 is a general health questionnaire consisting of 36 Likert box questions15-18. 
The questionnaire contains 8 health concepts: physical functioning (PF), role limitation 
due to physical problems (RP), bodily pain (BP), perception of general health (GH), energy 
and vitality (VT), social functioning (SF), role limitation due to emotional problems (RE), 
and mental health (MH). The results of the SF-36 range from the worst outcome, 0, to the 
best outcome, 10015,17.
 The Stanford HAQ11 measures difficulty in performing activities of daily living. It consists  
of 20 questions on daily functioning during the past week. There are 8 component areas: 
dressing and grooming, arising, eating, walking, hygiene, reach, grip, and outdoor activity. 
Each response is scored on a 4-point scale of ability, range 0 to 319.
 The AIMS212,20-23 was designed to measure the health status component of outcome 
in a multidimensional fashion using specific scales, summary components, and overall 
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impact measures. The AIMS2 has been validated for the Dutch language21. The current 
AIMS2 instrument is a 78- item questionnaire; the first 57 items are divided into 12 scales: 
mobility level, walking and bending, hand and finger function, arm function, selfcare 
tasks, household tasks, social activity, support from family and friends, arthritis pain, work, 
level of tension, and mood. It is also possible to recode the results in 3 scales: physical 
(mobility level, walking and bending, hand and finger function, arm function, self care, 
household tasks), affect (level of tension, mood), and symptom (arthritis pain). For 
validation of the DASH, only the first 3 scales were used.
 To determine the seriousness of the pain in the right and left upper extremity, a 100 
mm VAS was used24.
 Grip strength was measured using a Jamar meter (Asimow Engineering, Los Angeles, 
CA, USA). All patients had to squeeze 3 times with each hand; the mean peak measure of 
these efforts was considered the grip strength.
 The time and effort required to complete the questionnaire was recorded by the 
patient in order to determine the burden to the patient. A lengthy time required to 
complete the questionnaire implied a high burden.
 For an indication of health status, we calculated the mean, standard deviation, and 
minimum and maximum of the DASH, DAS28, CRP, HAQ, AIMS-PF, AIMS-Affect, 
AIMS-Symptoms, SF-36-PF, SF-36-BP, SF-36- SF, and SF-36-RP.
 Validation of DASH in RA patients. Reliability is defined as the ability of a test to yield 
the same results on repeated trials under the same conditions25. To determine retest 
reliability, the patients completed the DASH twice; 2 days after the first completion, 
patients had to fill out the questionnaire again. This 2-day period was chosen because the 
status of RA patients may vary over a longer period and reliability needs to be tested 
under the same conditions. The test-retest reliability was expressed as the intraclass 
correlation coefficient (ICC)26 and the Bland-Altman coefficient of reliability27. T-tests were 
performed to determine the systematic difference between the first and the second test.
 Internal consistency was assessed to determine whether all the questions cover the 
same construct. Internal consistency was assessed by Cronbach’s alpha28, which confirmed 
the homogeneity of the questions included in the questionnaire and is complementary 
to the ICC as a measure of reliability. An alpha finding of 0.7 is considered to represent a fair 
degree of internal consistency, 0.8 is considered good, and 0.9 would represent excellent 
internal consistency29.
 Construct validity addresses the ability of a questionnaire to measure the outcome 
parameter of interest. It was tested by comparing the DASH to the DAS28, SF-36, HAQ, 
AIMS2, a 100 mm VAS for pain, and the mean grip strength. The 8 domains of the SF-36 
were used to assess convergent and divergent validity of the DASH. We evaluated this by 
hypothesizing that correlation coefficients between the study questionnaire and the 
SF-36 domains bodily pain (BP), role of physical limitations (RP), and physical functioning 
(PF) were higher than correlations with other domains. This was also done with the 3 main 
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scales of the AIMS2. We hypothesized that the DASH would correlate better with AIMS2 
scales of physical functioning than the AIMS2 scales of affect and symptom.
 Content validity addresses whether a questionnaire has enough items and adequately 
covers the domain of interest. Content validity was evaluated by assessing the distribution 
and floor and ceiling effects of the DASH.
 A floor effect occurs when the patient scores the lowest possible score (0), and 
therefore the patient appears to have no upper extremity disability. The ceiling effect is 
the highest possible score (100), and is thus the opposite of the floor effect29.
 Statistics. Statistical analysis was performed by using SPSS (version 12.01; SPSS Inc., 
Chicago, IL, USA). A p value < 0.05 was considered statistically significant.

Results

The mean, standard deviation, minimum and maximum of the DASH, DASH retest, DAS28, 
grip strength, CRP, HAQ, AIMS-PF, AIMS-Affect, AIMS-Symptom, SF-36-PF, SF-36-BP, SF-36-SF,  
and SF-36-RP were all normally distributed (Table 1).

Table 1  Health status

Score Mean SD Minimum Maximum

DASH baseline 39.0 22.2 0.0 92.50

DASH retest 37.5 23.7 0.0 94.5

DAS28 3.1 1.23 0.41 6.68

Grip strength left 14.4 10.6 0 40.7

Grip strength right 15.1 10.7 0 40.7

CRP 14.5 20.4 1.0 118.0

HAQ 1.2 0.73 0.0 2.9

AIMS-PF 3.7 2.1 0.0 9.2

AIMS-Affect 3.2 1.8 0.0 8.8

AIMS-Symptoms 5.3 2.6 0.0 10.0

SF-36-PF 46.5 28.3 0.0 100.0

SF-36-BP 46.1 24.4 0.0 100.0

SF-36-SF 65.5 26.2 0.0 100.0

SF-36-RP 31.9 39.9 0.0 100.0

DASH: Disability of Arm, Shoulder and Hand; CRP: C-reactive protein; HAQ: Health Assessment Questionnaire; 
AIMS: Arthritis Impact Measurement Scale; PF: physical functioning; SF-36: Medical Outcome Study Short 
Form 36.
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 Reliability. The ICC of the questionnaire was very high at 1.97 (95% CI 0.96–0.98).  
No statistically significant difference was found between the 2 assessments (p = 0.6).  
The Bland-Altman coefficient of reliability was 0.58 (95% CI–1.03 to 2.20). Cronbach’s alpha 
showed that the questionnaire had strong internal consistency, with a value of 0.97  
(95% CI 0.96–0.98).
 Construct validity. The correlation of the DASH with the DAS28 was r = 0.42 (p < 0.01; 
Table 2). Two of the 4 components of the DAS28 correlated positively with the DASH, i.e.,  
the number of tender joints and the VASDAS (Table 3). The physical components of the 
SF-36 (PCS) correlated strongly with the DASH score (r = –0.70, p < 0.01). Three out of  
4 parts of the physical component correlated well with the DASH (physical functioning,  
r = –0.67; bodily pain, r = –0.68; social functioning, r = –0.63; p < 0.01). Only role limitation (RP) 
had a moderate correlation (r = –0.44, p < 0.01). The correlation between the DASH and 
the mental correlation score was r = –0.27 (p < 0.01), whereas the general health score 
showed a moderate correlation (r = –0.53, p < 0.01).

 The HAQ had the strongest Pearson correlation with the DASH (r = 0.88, p < 0.01). 
Consistent with the relationship between DASH and SF-36, the physical part of the AIMS2 
had a high correlation with the DASH (r = 0.85, p < 0.01). The symptom component had  
a marked correlation (r = 0.67). The affect part had a rather low correlation (r = 0.55).  
The dominant arm VAS for pain correlated well with the DASH score (r = 0.61). The left and 
right arm correlations were similar (r = 0.60, r = 0.65, respectively).
 The grip strength correlation with the DASH was low (right, r = 0.41; left, r = 0.49;  
Table 2).
 Content validity. The scores of the DASH questionnaire were normally distributed. 
Ceiling and floor effects were not observed. Scores ranged from 0 to 92, where 2 of the 
102 patients had a score of 0. The mean DASH score was 39.0 (SD 21.4).
 Burden. Median time to complete the DASH was 6 minutes. In our patient group, 12% 
had some difficulty or needed assistance with completing the questionnaire. The Pearson 

Table 3  Correlation of components of the DAS28 with the DASH

Component r

Number of tender joints, upper extremity 0.38*

CRP 0.08†

Number of swollen joints, upper extremity 0.07†

VASDAS 0.48*

* p < 0.01; † Not significant.
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correlation of the DASH with the time required to complete the questionnaire was 
moderate (r = 0.47), indicating that the burden was partly caused by disease activity.

Discussion

The aim of this study was to validate the DASH questionnaire for upper extremity 
complaints in patients with RA. The questionnaire was previously translated and validated 
in Dutch and several other languages, but not evaluated in patients with RA. Reliability 
and construct validity were tested in a group of 102 consecutive patients in 3 clinics.  
The reliability and validity of the Dutch DASH for RA patients were found to be excellent.
 It is well known that RA patients may have fluctuation in the severity of their 
complaints. Therefore, a short period of 2 days was chosen between the 2 testing times, 
instead of a longer period. The possible consequence may be that the reliability is 
somewhat overestimated. However, the internal consistency was similar to that of the 
original American version5, and to that reported in other validation studies7,10.
 The construct validity of the DASH was tested by correlating its outcome to the 
relevant dimensions of the SF-36, the HAQ, and the AIMS2 questionnaires. The correlation 
with the physical function aspect of the SF-36 was comparable with the construct validity 
reported by other investigators in different patient groups and for other languages7,30. 
However, the physical component score and bodily pain showed different correlations 
with the DASH in several studies7,30 (Table 4).

Table 4   Comparisons of DASH to SF-36 and DASH to HAQ correlations with  
other studies

SF-36 This Study SooHoo30 Offenbacher7

Physical component score –0.70 –0.50

Physical functioning –0.67 –0.59 –0.58

Role limitation due to physical problems (RP) –0.44 –0.61 –0.58

Bodily pain –0.68 –0.43 –0.79

Social functioning –0.63 –0.57 –0.26

Mental component score –0.27 –0.59

Mental health –0.37 –0.55 –0.19

Role limitation due to emotional problems (RE) –0.35 –0.62 –0.21

Energy and vitality –0.47 –0.48 –0.46

General health –0.53 –0.36 –0.35

HAQ 0.88 0.88
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The correlation between the DASH and the HAQ was comparable with the results of a 
study in which the Germanlanguage version of DASH was validated7(Table 4). The HAQ 
showed a better correlation with the DASH than the physical components of the SF-36. 
This may be because the SF-36 addresses general physical health rather than specific 
regional questions about the upper extremity like the HAQ.
The good correlation of the DASH with the physical parts of the AIMS2, an arthritis-specific 
instrument, supports the DASH as suitable to use in patients with RA.
 Although the SF-36 PCS showed construct validity equal to both AIMS physical 
functioning/symptom and HAQ compared to the DASH, the correlation with the VAS 
scores for pain in the upper extremity was superior to the DASH compared to the HAQ. 
The 3 domains of the AIMS showed a construct validity completely comparable to the 
DASH, but the burden of answering the AIMS can be considered higher, because it 
contains more questions. Therefore, if one is interested only in upper extremity complaints, 
the DASH could be more suitable than the HAQ or AIMS.
 Low correlations were found between the DASH and the DAS28 and the grip strength 
measure. This is comparable with others’ results7,31, suggesting a weak correlation between 
the DASH and clinical outcome measures. An explanation for this would be that disability 
is dependent not only on disease activity, but is also related to joint destruction, especially 
in more advanced disease.
 The responsiveness of the DASH to treatment was not formally tested in our study. 
However, the small 95% CI of the Bland-Altman coefficient of reliability suggests that 
responsiveness is likely to be good. Other studies10 have indeed shown that the DASH can 
detect and differentiate changes in disability over time after surgery in patients with 
upper extremity musculoskeletal disorders. A 10-point difference in mean DASH score 
might be considered as a minimal important change10. However, these are outcomes in 
unilateral upper extremity disorders, and as noted, RA patients experience more bilateral 
upper extremity problems.
 A limitation of our study is that we did not ask the patient at the time of the retest 
whether the signs and symptoms of the disease had changed. However, we did not 
expect marked changes because the DASH considers the complaints of the past week.
 Our data indicate that the DASH is a valid instrument for assessing upper extremity 
complaints in patients with RA.
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Abstract

We carried out arthrodesis of the radiolunate joint in 46 wrists (38 patients) for pain and 
ulnar translation of the carpus because of rheumatoid (42) or psoriatic arthritis (4). At follow-  
up, three patients had died and in three (1 bilateral) an additional midcarpal arthrodesis 
had been undertaken. The remaining 32 patients (39 wrists) were evaluated after a mean of  
five years.
 The clinical results were good with a mean visual analogue score of 8.3 for pain, 7.2 for 
hand function and 9 for overall satisfaction. Except for palmar flexion, mobility was equal  
to or better than before operation. Radiologically, there was deterioration of the midcarpal 
joint with an increase in the Larsen score from 1.8 to 2.7 (p < 0.001), some decrease in 
carpal height and recurrence of carpal translation.
 Radiolunate arthrodesis gives good clinical results at five years although there is 
some deterioration radiologically.
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Introduction

Patients with early rheumatoid arthritis (RA) suffering painful synovitis of the wrist which 
is not controlled by conservative means, are commonly offered synovectomy and 
resection of the distal end of the ulna. As an alternative radiolunate (RL) arthrodesis can be 
carried out. This partial wrist arthrodesis has not yet been widely accepted as treatment 
for the early and middle stages of rheumatoid disease. Besides being helpful for a painful 
arthritic wrist, surgical stabilisation may also have the advantage of preventing or delaying 
the development of the typical zig-zag deformity of the arthritic hand.
 Radiolunate arthrodesis was first described by Chamay, Della Santa and Vilaseca.1 
They observed that in cases of spontaneous radiolunate fusion there was no further 
subluxation of the carpus and that a functional range of movement was preserved. 
Several authors have reported short term results, showing that function is improved and 
pain decreased, but that carpal deterioration continues.2,3 In 1995 Della Santa and Chamay4 
described radiological results with a mean follow-up of five years, showing that carpal 
subluxation was prevented, but that there was a progressive radiological deterioration in 
most wrists. This extensive study presented a wide range in the follow-up period, making  
it difficult to apply generally. There are, to our knowledge, no studies with a medium- to 
long-term follow-up, especially in regard to the clinical outcome. We have studied our 
results retrospectively in order to determine whether the results of this procedure remain 
satisfactory with longer follow-up.

Patients and Methods

Radiolunate arthrodesis was introduced in our hospital in 1989 for the treatment of 
arthritic wrists with moderate to severe destruction of the radiocarpal joint, especially 
when this was combined with an ulnar translation of the carpus. Severe disease of the 
midcarpal joint was considered a contraindication to this procedure.
We have studied 38 patients (27 women and 11 men) who were subjected to radiolunate 
arthrodesis between 1989 and 1994. The diagnosis of RA was made in 35 patients and  
of psoriatic arthritis in three. Eight patients had bilateral procedures giving a total of  
46 operations. Except for four, two with psoriatic arthritis and two with RA, all patients  
also had a resection of the distal end of the ulna because of a painful distal radio ulnar 
joint. The mean age at operation was 52 years (23 to 77). The mean duration of disease was 
11 years (3 to 40) and the mean duration of symptoms in the wrist was five years (1 to 12).
 All except one of the arthrodeses were fixed with titanium staples. Morsellised 
cancellous bone graft was added in all cases, from the resected ulna in 42 and from the 
distal radius in four. Postoperatively, the wrist was immobilised in a forearm cast for six 
weeks. By 1997, three patients had died and in three (4 wrists) a subsequent midcarpal 
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arthrodesis had been carried out, leaving 32 patients with 39 radiolunate arthrodeses 
available for review at a mean follow-up of five years (3 to 8). In addition to the arthrodesis,  
the scaphoid was also fixed to the radius in 11 wrists (RSL arthrodesis) because of 
substantial damage to the cartilage of the radioscaphoid joint. The patients were studied 
retrospectively, both clinically and radiologically.
 The range of movement (ROM) of the wrists was measured by a goniometer and 
compared with the observations at the time of surgery. Visual analogue scales (VAS) for 
pain, hand function and satisfaction were recorded by the patients at follow-up. A score 
of 0 indicated the most severe symptoms and of 10 normal or satisfactory function. 
Standard PA and lateral views of the hand and the wrist were taken before and after 
operation and at follow-up. To quantify the radiological results, a modified Larsen score5 
was used; the carpal height index as described by Youm et al6 and the carpal translation 
index as described by Chamay et al1 were measured by an independent radiologist. 
Statistical analysis of the ROM and the radiological data were calculated by paired sampled 
Student’s t-tests using SPSS (SPSS Inc, Chicago, Illinois).

Results

Before operation, the mean modified Larsen scores for the radiolunate and radioscaphoid 
joints were 2.7 (SD 1.3) and 2.2 (SD 1.2), respectively, indicating that most of the wrists  
had medium stage disease. At follow-up, all radiolunate arthrodeses showed solid fusion, 
but in three of the 11 RSL arthrodeses the scaphoid failed to unite to the radius, producing 
minor symptoms. Staples entered or crossed the midcarpal joint in 12 wrists, making  
their removal after bony union necessary. This malposition of the staples occurred mostly 
in the first years of the study, before their position was routinely checked radiologically 
during operation. No other complications occurred.
 At follow-up, the mean VAS was 8.3 (SD 1.9) for pain, 7.2 (SD 2.7) for function and  
9 (SD 2.1) for patient satisfaction. In the wrists for which preoperative details were available 
mobility, dorsiflexion, radial and ulnar deviation and supination increased significantly,  
but there was a decrease in palmar flexion (Table I). No wrist developed a deformity.  
There were no notable differences at follow-up between the whole group and those for 
which preoperative information was available. At follow-up the mean range of movement 
was dorsiflexion 41°, palmar flexion 31°, ulnar deviation 20° and radial deviation 18°.
 Radiologically, the modified Larsen score at the midcarpal joint showed progressive 
deterioration from 1.8 preoperatively to 2.7 at follow-up (p < 0.001). Surprisingly, however,  
the joint remained asymptomatic in most patients. The modified Larsen score of the 
 triquetrolunate and scaphotrapezotrapezoid joints and the first carpometacarpal joint 
showed marked deterioration. Compared with the carpus, the hand joints showed less 
regression (Table II).
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Table III   Carpal height and ulnar translation indices (± SD) before and after surgery 
and at follow-up

Preoperative Postoperative p value Follow-up p value

Carpal height index  
(N = 0.54 ± 0.03)

0.45 ± 0.05 0.45 ± 0.06 0.93 0.41 ± 0.07 0.002

Ulnar translation index 
(N = 0.28 ± 0.03)

0.33 ± 0.04 0.32 ± 0.05 0.49 0.36 ± 0.05 <0.001

Table I   ROM (degrees ± SD) for wrists before surgery and at follow-up

Number of wrists
with available

preoperative ROM ROM p value

Preoperative Follow-up

Dorsal flexion 38 32 ± 16 42 ± 17 0.003

Palmar flexion 38 40 ± 20 32 ± 13 0.005

Ulnar deviation 29 16 ± 9 23 ± 8 0.01

Radial deviation 29 9 ± 5 19 ± 10 <0.001

Pronation 39 83 ± 9 87 ± 8

Supination 39 77 ± 17 85 ± 8 0.03

Table II   Modified Larsen scores of carpal and metacarpophalangeal joints at 
operation and at follow-up

Joint At operation Follow-up p value

Triquetrolunate 2.7 3.4 <0.001

Midcarpal 1.8 2.7 <0.001

Scaphotrapezotrapezoid 2.0 2.5 <0.001

Carpometacarpal 1.7 1.9 0.01

Metacarpophalangeal 1.4 1.7 0.05

2 1.5 1.7 -

3 1.2 1.4 -

4 1.1 1.4 0.02

5 1.2 1.5 0.02
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 The carpel height index decreased from 0.45 just after operation to 0.41 at follow-up. 
The ulnar translation index increased from 0.33 after operation to 0.36 at follow-up (Table III).

Discussion

The wrist is often involved in RA. Fleming, Crown and Corbett7 and Fleming et al8 reported 
that 4.5 years after onset of the disease the wrist is involved as often as the finger joints, 
although initially the incidence in the hand is higher. Fuchs et al9 described an approximately 
linear correlation between the duration of RA and the radio logical damage to the hand and 
wrist. They did not, however, distinguish between the finger joints and the wrist. Scott, 
Coulton and Propert10 showed that after ten years the wrist is more severely affected than  
the hand. Belt, Kaarela and Lehto11 confirmed this pattern at 20 years. Hindley and Stanley5  
also found greater damage in the wrist compared with the metarcarpophalangeal joints 
1.5 years after onset of the disease. They advised earlier surgical intervention for the 
radiocarpal joint, particularly by way of radiolunate fusion, because the lunate fossa 
showed the most advanced destruction. This difference in progression of the disease 
between the wrist and hand is confirmed in our patients. Hämäläinen et al,12 in a pro- 
spective study, found that half of their patients showed an ulnar displacement of the 
carpus between four and five years, whereas other radiological changes, such as erosion 
and narrowing of the joint space, appeared later. Instability of the radiocarpal joint is an 
early phenomenon in the rheumatoid wrist and very likely to deteriorate. Both ulnar 
translation and radiolunate destruction can be treated by radiolunate arthrodesis.
 The lunate, located in the centre of the proximal row of the carpus and connected to 
the radius and the other carpal bones by strong ligaments, transmits most of the forces 
from the hand to the forearm.13 This makes radiolunate arthrodesis most appropriate for 
restoring stability to the unstable arthritic wrist. Since it does not affect the mobility of the 
midcarpal joint a stable and mobile wrist should result.
 Synovectomy with or without resection of the head of the ulna is known to produce 
acceptable clinical results, but radiological deterioration is not prevented, either at the 
wrist14,15 or other joints affected by RA.16 Resection of the distal ulna has been reported to 
exaggerate this instability, and can even lead to a dislocation of the radiocarpal joint.17-19 
More importantly, progressive instability of the wrist will produce the typical bayonet 
deformity, often combined with a radial deviation of the hand. This position is known to 
initiate or accentuate an ulnar deviation of the metacarpophalangeal joints, the zig-zag 
deformity.
 Chamay et al1 were the first to report the short term results of radiolunate arthrodesis  
in RA. They described the results of 12 spontaneous and seven operative radiolunate 
fusions. Follow-up was for five years in the spontaneous group but for only one year in the 
operative group. Functional mobility was maintained in both groups and there was only 
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minimal loss of carpal height and increase in ulnar translation. Linscheid and Dobyns2 
reported 16 radio lunate arthrodeses in RA and four in post-traumatic cases. Their mean 
follow-up was for 28 months. Within the rheumatoid group the overall results were good 
in 13. Stanley and Boot3 presented the clinical and radiological results of 16 radiolunate 
arthrodeses, all in RA. Clinical results were good in 12. Poor or fair results occurred in four 
wrists, mostly due to rapidly progressive disease. Loss of carpal height and a recurrence of 
carpal translation were not recorded and their mean follow-up was for only two years  
(1 to 3). Della Santa and Chamay4 reported the radiological results of 22 radiolunate 
arthrodeses carried out for RA with a mean follow-up of five years and compared these 
with 11 contralateral wrists which had not had an operation. They found the same 
deterioration in both groups, but the relationship to the clinical outcome was not 
discussed. There was also a wide range in length of follow-up (1 to 15 years).
 Our clinical results, after a mean of five years, are very satisfactory as regards reduction  
of pain and patient satisfaction. Mobility increased in all directions except palmar flexion. 
The slightly reduced range of movement at follow-up has not lead to functional 
impairment. Since fixed radial deviation of the wrist did not develop, the risk of a zig-zag 
deformity with ulnar deviation of the metacarpophalangeal joints seems to be diminished.  
We have no reliable pre- operative data about the finger joints and this can only be 
established by a prospective study.
 The question remains as to whether, with time, the midcarpal joint will become 
progressively affected and symptomatic, making arthrodesis of the wrist necessary. In our 
series of 46, four wrists later required a more extensive midcarpal fusion and must 
therefore be considered poor results. Of the remainder, there has been a significant 
progression of destruction of the midcarpal joint with time, and yet the clinical results 
remain favourable (Fig. 1).1

Figure 1

Radiographs of a 68 year old woman who had suffered from RA for 7.5 years showing: A) ulnar 
translation of the proximal carpal row and symptomatic radiocarpal and distal radio ulnar joints 
before surgery; B) restoration of radiocarpal subluxation (the midcarpal joint had a modified Larsen 
score of 2) after surgery; and C) the midcarpal joint with progressive narrowing (modified Larsen  
score 3) five years after operation, although the clinical result was excellent.

A B C
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Destruction at the midcarpal joint appears to be less symptomatic and better tolerated 
than at the radiocarpal joint, probably because the midcarpal joint has a greater intrinsic 
stability. Our results also show that there is no need to add fusion of the radioscaphoid 
joint to radiolunate arthrodesis since the clinical results of the latter procedure alone are 
very satisfactory, and a fusion of the radioscaphoid joint does not give greater stability to 
the wrist.

Conclusions

In RA radiolunate arthrodesis gives a stable and comfortable wrist with improved mobility 
after five years. Deterioration of the midcarpal joint is not prevented. Conversion to a total 
wrist arthrodesis is rarely required. Radiolunate arthrodesis is to be recommended in early 
to medium stage wrist disease if symptoms continue in spite of adequate conservative 
treatment. It is indicated when there is synovitis with pain in the radiocarpal joint on 
clinical examination, an ulnar translation of the carpus and a good midcarpal joint on 
radiographs. It can safely be combined with resection of the head of the ulna.
 We thank C. M. Boon, radiologist, for his assistance with the radiological evaluation.
No benefits in any form have been received or will be received from a commercial party 
related directly or indirectly to the subject of this article.
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Abstract

Purpose We evaluated long-term results for radiolunate and radioscapholunate arthrodeses 
for patients with rheumatoid or psoriatic arthritis to determine the durability and efficacy 
of the procedures. The results are described and compared with those in the literature.
Methods We carried out arthrodesis of the radiolunate joint (33 wrists) and the radio-
scapholunate joint (13 wrists) to achieve pain reduction and ulnar translation of the carpus 
in patients with rheumatoid (42 wrists) or psoriatic arthritis (4 wrists). At follow-up,  
11 patients (13 wrists) had died, 2 patients (4 wrists) were lost to follow-up, and in 6 wrists 
an additional midcarpal arthrodesis had been performed. We evaluated the remaining  
23 wrists (19 radiolunate and 4 radioscapholunate, and 1 psoriatic arthritic wrist) after a 
mean of 11 years.
Results Clinical outcome was good, with a mean visual analog score of 2 out of 10 for 
pain, mean grip strength of 13 kg, and mean range of flexion-extension of 60°. Outcomes 
as measured by questionnaires were good. Radiographs demonstrated deterioration of all 
intracarpal joints as noted by an increased Larsen score and evidence of carpal translation. 
We noted no significant change in carpal height.
Conclusions Despite radiographic progression, radiolunate and radioscapholunate 
arthrodeses yield good clinical results at long-term follow-up
Type of study/level of evidence Therapeutic IV.
Key words Radiolunate, arthrodesis, wrist, rheumatoid arthritis, review.
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Introduction

Rheumatoid Arthritis (RA) is a chronic inflammatory joint disease with a prevalence of 
about 1%1 in the general population. Over time, it may cause polyarticular impairments 
and lead to severe disability. The distal radioulnar and the radiocarpal joints are frequently 
involved.2,3 Arthritis of these joints will generally cause progressive joint destruction if not 
controlled by disease-modifying drugs. Clinical manifestations of progressive rheumatoid 
wrist disease are pain, loss of motion, instability and/or deformity, and impaired function.4,5

In the past, patients with early RA experiencing painful synovitis of the wrist not controlled 
by conservative means were offered synovectomy6,7 combined with ulnar head resection, 
as described elsewhere.8 –10 However, synovectomy may delay disease progression only 
for a short time.11 Besides this, synovectomy combined with ulnar head resection may 
aggravate instability of the rheumatoid wrist,8,9 resulting in ulnar translation of the carpus 
and an increased risk of zigzag deformity of the wrist and metacarpophalangeal joints.12–14

In contrast to synovectomy, total wrist arthrodesis will improve joint stability and thereby 
may delay or prevent secondary deformation of the hand. Radiolunate arthrodesis, described 
by Chamay et al,15,16 is an alternative to total wrist arthrodesis. The technique for radiolunate 
arthrodesis in our series has not been modified, except for minor changes in the method 
of fixation.17,18

 The literature suggests promising short-term and mid-term results with pain reduction, 
reversal of carpal translation, and preservation of a functional range of motion.15,19 –29 
Radiographic follow-up at 5 years has shown a progression of arthritic changes in the 
midcarpal joint with loss of carpal height in 36% to 72% of these wrists, but no reports 
show a clear correlation of midcarpal deterioration with clinical symptoms. The clinical 
relevance of progressive destruction in the mid carpal joint after radiolunate arthrodesis in 
the long term remains unclear.
 Our study was designed to determine the long-term outcome of patients treated 
with radiolunate (RL) or radioscapholunate (RSL) arthrodeses, and to determine whether 
the radiographic progression of midcarpal arthritis leads to clinical failure. Therefore, we 
used questionnaires with validated outcome measures. 

Materials and methods

In a retrospective consecutive case study, we included 46 wrists in 38 patients (27 female 
and 11 male). Patients underwent either RL (33 wrists) or RSL arthrodesis (13 wrists) 
between 1989 and 1994. Our local ethics committee approved the study. A total of  
42 wrists in patients with RA and 4 wrists in patients with psoriatic arthritis were entered 
in this study. Indication for operation was progressive radiocarpal destruction, resulting  
in pain, and carpal instability. Contraindication for this surgery was cartilage loss at the 
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midcarpal joint. Mean duration of inflammatory arthropathy was 11 years (range, 3– 40 
years), and the mean duration of symptoms in the wrist was 5 years (range, 1–12 years). 
Mean age at operation was 52 years (range, 23–77 years). Eight patients had bilateral 
procedures. We performed isolated RL arthrodesis, as described by Chamay et al,15 in 33 
wrists. We performed RSL arthrodesis (because of substantial damage to the cartilage of 
the radioscaphoid joint) in 13 wrists (Table 1). Synovectomy was performed in all patients. 
We also performed resection of the distal ulna in all wrists except for 2 with RA and 1 with 
psoriatic arthritis. There was only minor destruction of the distal ulna in the patients who 
did not have a resection. All of the arthrodeses were performed with titanium staples (3M, 
St. Paul, MN). We added morselized cancellous bone autograft, mostly harvested from the 
resected ulnar head, in all cases. Postoperatively, the wrist was immobilized in a forearm 
cast for 6 weeks.

 At latest follow-up, a total of 11 patients (13 wrists) had died but had not had 
subsequent surgery, and 2 patients (4 wrists) were lost to follow-up. One of these patients 
had emigrated. The other declined to return for evaluation but had not had further wrist 
surgery. Furthermore, in 6 wrists (5 patients), we performed a subsequent midcarpal 
arthrodesis because of failure of the RL (4) or RSL arthrodesis (2), leaving 23 wrists (20 
patients) with 19 RL and 4 RSL arthrodeses available for review. In the final study group,  

Table 1   Demographic Data

Baseline Intermediate Long-Term

Average follow-up (y [range]) 0 4.6 (2.8–7.9) 11.4 (9.3–14.5)

Patients (n) 38 32 20

Wrists (n) 46 39 23

Male/female 11/27 5/16

Deceased (wrists) 0 3 13

Total wrist arthrodeses (wrists) 0 4 6

Loss of follow-up (wrists) 0 0 4

Age at operation (y [range]) 52 (23–77)

Mean duration of disease (y [range]) 11 (3–40)

Mean duration of symptoms wrist (y [range]) 5 (1–12)

Diagnosis of rheumatoid arthritis (wrists) 42 22

Diagnosis of psoriatic arthritis (wrists) 4 1

RL arthrodeses (n) 33 19

RSL arthrodeses (n) 13 4
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1 patient had psoriatic arthritis. Mean follow-up was 11.3 years (range, 9.3–14.5 years).  
We measured range of movement (ROM) by manual goniometry. Grip strength was 
measured with a JAMAR dynamometer (Asimow Engineering, Los Angeles, CA). We scored 
subjective outcome using a visual analog scale (VAS) for pain (0 as no pain and 10 as the 
most severe pain), the Disabilities of Arm, Shoulder, and Hand questionnaire30 (DASH:  
best score is 0 worst is 100), the Arthritis Impact Measurement Scale, version 231 (AIMS-2: 
best score is 0 worst is 10), the Health Assessment Questionnaire32 (HAQ: best score is 0, 
worst is 3), and the 36-item Short Form health survey33 (SF- 36: best score is 100, worst  
is 0). Furthermore, we used the Disease Activity Score34 (DAS-28: best score is 0, worst is 10)  
at latest follow-up. Radiographic evaluation was done by comparing standard posterior- 
anterior and lateral x-ray views of the hand and the wrist, taken preoperatively and at 
intermediate and long-term follow-up. To quantify the radiographic results, we used a 
modified Larsen score to assess disease progression during the study period (Table 2).35 
We measured carpal height index36 to assess the amount of carpal collapse, and the ulnar 
translation index15 to assess carpal instability.
 We performed statistical analysis of the retrospectively gathered data (ROM of the 
wrist and the radiographic data) with paired-sample Student t-tests. A p-value greater 
than .05 was considered statistically significant.

Table 2   Modified Larsen Score35

Ulnar Head Other Wrist/Finger Joints

0 Normal

1 Osteoporosis, periarticular soft tissue  
swelling with or without minimal joint space narrowing

2 Erosions with normal architecture Erosions with joint space  
narrowing by at least 50%

3 Erosions with abnormal architecture Moderate destruction;  
obliteration of the joint space

4 Minimum 50% loss of ulnar styloid Severe destruction.  
Joint line remains discernible

5 Complete loss of ulnar styloid Mutilans; joint line not discernible
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Results

Preoperatively, the average modified Larsen score of the RL and RSL joint was 2.7 (SD, 1.3) 
and 2.2 (SD, 1.2), respectively, so all wrists had early to medium stage disease at the time of 
operation. At follow-up, all RL arthrodeses demonstrated radiographic evidence of solid 
fusion. Of the RSL arthrodeses, 3 failed to unite at the radioscaphoid interval, but this 
finding did not correlate with a poor outcome (Fig. 1). Six wrists necessitated a midcarpal 
arthrodesis owing to pain, although they had solid fusion. Staples entered or crossed the 
midcarpal joint in 12 wrists, necessitating their subsequent removal. This malposition of 
the staples occurred mostly in the early years of the study period; thereafter, we routinely 
checked the position of the staples during surgery by image intensifier. There were no 
other complications. 

 Table 3 through 5 present the clinical results. Data for all wrists demonstrated a 
nonsignificant increase in pronation and supination, an increase in ulnar and radial 
deviation, and an initial increase in extension that diminished at the longer follow-up 
toward the preoperative level. Flexion remained at the preoperative level. When we 
considered grouped data, the RL cohort demonstrated a significant decrease in flexion 
and a significant increase in ulnar and radial deviation. The RSL cohort demonstrated a 
significant increase in ulnar deviation. The VAS for pain at intermediate and long term 
follow-up did not significantly increase. The VAS scores and grip strengths did not 
significantly change between groups. Results, as measured by the questionnaires, were 
consistent throughout the different instruments, showing mild activity of the rheumatic 
arthritic disease and clear limitations in physical functioning.

Figure 1

A Preoperative x-ray of a 68-year-old woman with seropositive rheumatoid arthritis for 8 years. The 
black dot over the proximal capitate is made with a marker for measurement. B A 5-year follow-up 
x-ray. The black dot over the proximal capitate is made with a marker for measurement. C A 12-year 
follow-up x-ray.

A B C
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 Table 6 presents results of the radiographical evaluation. The modified Larsen score of  
the midcarpal, triquetrolunate, and the carpometacarpal joints demonstrated progression. 
The carpal height index remained unchanged. The ulnar translation index decreased.
 The psoriatic arthritis patient had results similar to those of the rheumatoid arthritis 
patients.

Table 3   Clinical Outcome: Overall

Preoperative Intermediate Long-Term

SD SD p SD p Range

Grip strength (kg) NA NA NA NA 12.7 7.6 2–26

VAS (0–100) NA NA 15 15 20 12 10–50

ROM (°)

Pronation 83 9 87 10 .19 84 7 .77 70–100

Supination 74 21 85 9 .05 79 8 .37 60–90

Extension 33 14 45 14 <.01 34 20 .83 0–80

Flexion 38 20 32 17 .14 30 21 .15 0–70

Ulnar deviation 16 9 21 6 .08 25 8 <.01 10–40

Radial deviation 10 5 21 10 <.01 18 14 .04 0–50

NA, data not available.

Table 4   Clinical Outcome: RL Versus RSL

Preoperative Long-Term

RL RSL RL p RSL p

Grip strength (kg) 13 10

VAS (0–100) 14 16

ROM (°)

Pronation 81 88 84 .17 80 .08

Supination 71 85 81 .06 73 .06

Extension 33 35 29 .27 55 .07

Flexion 39 33 31 .03 25 .37

Ulnar deviation 17 14 24 .01 28 .04

Radial deviation 10 10 18 .02 19 .17
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Table 5   Clinical Outcome: Questionnaires

Questionnaire Score at Follow-Up SD Range

HAQ 1.5 1.1 0–3

DASH 41.0 23.2 0–79

AIMS
Physical
Symptom

4.1
4.1

2.1
2.6

1.2–7.8
0–8.5

SF-36 Physical 29.6 13.0 10.5–52.3

DAS 2.7 0.9 1.2–4.8

HAQ, Health Assessment Questionnaire32; AIMS, Arthritis Impact Measurement Scales Health Status 
Questionnaire version 231; SF-36: Short Form 3633; DAS, Disease Activity Score.34

Table 6   Radiographic outcome
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triq-lun 1.3 n.a. 2.4 2.8 <0.01

midcarpal 1.6 n.a. 2.5 3.3 <0.01

ST 1.7 n.a. 2.3 3.2 <0.01

CMC I 1.3 n.a. 2.0 2.2 <0.01

CMC2 1.1 n.a. 1.8 1.9 0.02

CMC3 1.0 n.a. 1.6 2.0 <0.01

CMC4 1.0 n.a. 1.4 2.0 0.06

CMC5 1.0 n.a. 1.7 1.7 0.07

Carpal height index 0.44 0.45 0.43 0.45 0.03

Ulnar translation index 0.34 0.33 0.38 0.28 0.01

Triq-lun: Triquetrum-Lunate, ST: Scaphoid-Trapezium, CMC: Carpo-Meta-Carpophalangeal Joint, n.a. : not 
applicable 
Modified Larsen Score after Hindley and Stanley35, Carpal height Index after Youm et al.36, Ulnar translation 
Index after Chamay et al.15. p-value: students T test comparing pre-operative and long term follow up.
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Discussion

Table 7 lists the results of the published articles of case series and cohort studies of the RL 
arthrodesis. Twelve studies reported the outcome of 395 RL arthrodeses.15,19 –29 The 
indication for operation was similar for all studies: rheumatoid wrist disease with carpal 
instability. The preoperative Larsen score varied substantially between studies. An increase 
in the Larsen score was found at latest follow-up in all studies. Average follow-up was 4.4 
years. Four studies published a preoperative pain score.23–25,29 At follow-up, in 9 studies 
the average VAS score was 2 out of 10.15,19,20,22–25,28,29 The average range of motion 
decreased. Grip strength increased in 4 studies.24,25,27,29 The average carpal height and 
ulnar translation indices decreased at follow-up. Patient satisfaction was consistently 
moderate to high at follow-up.
 In rheumatoid arthritis the wrist is frequently involved early in the disease process, 
resulting in pain and deterioration of wrist function. Synovitis, ligament and tendon 
damage, and eventually cartilage and bone damage frequently cause carpal deformity 
and instability.37 Based on our study, we believe that in painful rheumatoid wrists with RL 
arthritis (Larsen score of 2–3), an intact midcarpal joint, and the presence of ulnar 
translation, RL arthrodesis is an acceptable alternative to total wrist arthrodesis or wrist 
prosthesis.
 Both Ishikawa et al25 and this study report long-term follow-up after RL and RSL 
arthrodesis. Our results are generally consistent with the results published.15,19,20,22–29 In 
our patients, ROM increased in all directions except flexion, which is in contrast with 
previously published reports.15,19,20,22–29 We suspect this finding is a result of pain relief 
provided by the procedure. The ROM after RSL arthrodesis in our study is similar to the 
results after RL arthrodesis. This finding is in agreement with cadaver studies on ROM after 
partial wrist fusion.22,24,38,39 In our study, we measured grip strength only at latest 
follow-up; with an average of 12.7 kg, it was similar to grip strength after total wrist 
arthrodesis (5–20 kg).40 However, these data might not be fully comparable because total 
wrist arthrodesis is usually indicated for end-stage wrist disease. Several studies have 
found an improvement in grip strength25,27,29; another study, however, found it to be 
similar to preoperative values.24

 Radiolunate arthrodesis reduced pain in other studies.23–25,29 In our study, the pain at 
intermediate follow-up was consistent at longer follow-up despite progressive destruction 
of the midcarpal joint. This finding was also found in the long-term follow-up study of 
Ishikawa et al.25 In our opinion, pain and loss of ROM can influence grip strength and the 
overall functionality of the wrist.
 The Larsen score increased somewhat over time in our study. This radiographic 
disease progression did not affect clinical outcome. However, we included only patients 
with a more or less preserved midcarpal joint. When comparing our results with other 
studies, a higher Larsen score was present preoperatively and at follow up, but no obvious 
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Table 7   Comparison with previous studies

article author Raven
(this study)

Honkanen 
(24)

Ishikawa  
(25)

Esenwein  
(23)

Justen
 (26)

Borisch 
(19)

Schill 
(28)

Doets 
(22)

Della Santa  
(21)

Chamay 
(20)

Stanley 
(29)

Lindscheid  
(27)

Chamay 
(15)

year 2011 2007 2005 2004 2003 2002 2002 1999 1995 1991 1989 1985 1983

Baseline  
statistics

patients 20 20 25 30 17 78 50 32 22 19 15 14 7

wrist 23 23 25 32 19 91 57 39 26 21 16 16 7

Larson score 1 - 2 2 - 3 2 - 4 ≤ 3 4 2 - 4 2 - 3 2 - 3 2 - 3 2 - 3 2 - 3 ? ?

Type of 
arthrodesis

RL 33 16 16 28 19 91 57 28 26 21 16 16 7

RSL 13 7 7 4 0 0 0 11 0 0 0 0 0

follow up  
(FU)

average 
(years)

11.3 5.8 13 1.5 2 5 7 5 5 4 2 2 1

range (years) 9.3 - 14.5 3.5 - 9.8 10 - 18 0.5 - 4.5 - 0.5 - 11 4 - 10 3 - 8 1 - 15 - 1 - 3.5 0.5 - 14 0.3 - 2.5

study type retrospective 
case series

prospective 
case series

prospective 
case series

prospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
cohort

retrospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
cohort

Level of 
Evidence

4a 4a 4a 4a 4b 4b 4b 4b 3b 4b 4b 4b 3b

Pain (VAS) preop  5 7 8       7   

Follow-up 2 <1 <1 3  2 2 2  2 3  2

ROM flexion/ 
extension 
(degrees)

preop 71 80 57 72  74 87 72   56 95 91

Follow-up 64 65 39 39 52 46 48 74  69 52 53 57

increase /
decrease

-7 -15 -18 -33.1  -28 -39 2   -4 -42 -34

grip strength 
(kg)

preop  17 14        10 10  

Follow-up 12.7 20 19     13  12.6 15 13  

increase /
decrease

 3 5     13   5 3  

Modified 
Larsen score

Follow-up 2 - 3 2 - 4 2 - 4 ? 4 2-5 3 - 4 2 - 4 2 - 5 3 - 5 ? ? ?

CHI preop 0.44 0.51 0.47 0.48 0.47 0.43 0.68 0.45 0.47 0.45 - 0.47 0.43

Follow-up 0.45 0.49 0.47 0.48 0.5 0.38 0.71 0.41 0.43 0.44 - 0.47 0.41

UTI preop 0.34 0.26 0.17 0.32 0.35 0.32 0.41 0.33 0.33 0.35 - 0.34 0.33

Follow-up 0.28 0.3 0.14 0.31 0.3 0.3 0.37 0.36 0.37 0.34 - 0.31 0.32

subjective patient 
satisfaction

high 65% excellent high moderate - 
high

high high high high ? moderate - 
high

moderate - 
high

moderate - 
high

?

Vas: visual analogue scale, ROM: Range of Motion, kg: kilogram, Modified  Larsen score (35),  
CHI: carpal height index (36), UTI: Ulnar translation Index (15)
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Table 7   Comparison with previous studies

article author Raven
(this study)

Honkanen 
(24)

Ishikawa  
(25)

Esenwein  
(23)

Justen
 (26)

Borisch 
(19)

Schill 
(28)

Doets 
(22)

Della Santa  
(21)

Chamay 
(20)

Stanley 
(29)

Lindscheid  
(27)

Chamay 
(15)

year 2011 2007 2005 2004 2003 2002 2002 1999 1995 1991 1989 1985 1983

Baseline  
statistics

patients 20 20 25 30 17 78 50 32 22 19 15 14 7

wrist 23 23 25 32 19 91 57 39 26 21 16 16 7

Larson score 1 - 2 2 - 3 2 - 4 ≤ 3 4 2 - 4 2 - 3 2 - 3 2 - 3 2 - 3 2 - 3 ? ?

Type of 
arthrodesis

RL 33 16 16 28 19 91 57 28 26 21 16 16 7

RSL 13 7 7 4 0 0 0 11 0 0 0 0 0

follow up  
(FU)

average 
(years)

11.3 5.8 13 1.5 2 5 7 5 5 4 2 2 1

range (years) 9.3 - 14.5 3.5 - 9.8 10 - 18 0.5 - 4.5 - 0.5 - 11 4 - 10 3 - 8 1 - 15 - 1 - 3.5 0.5 - 14 0.3 - 2.5

study type retrospective 
case series

prospective 
case series

prospective 
case series

prospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
cohort

retrospective 
case series

retrospective 
case series

retrospective 
case series

retrospective 
cohort

Level of 
Evidence

4a 4a 4a 4a 4b 4b 4b 4b 3b 4b 4b 4b 3b

Pain (VAS) preop  5 7 8       7   

Follow-up 2 <1 <1 3  2 2 2  2 3  2

ROM flexion/ 
extension 
(degrees)

preop 71 80 57 72  74 87 72   56 95 91

Follow-up 64 65 39 39 52 46 48 74  69 52 53 57

increase /
decrease

-7 -15 -18 -33.1  -28 -39 2   -4 -42 -34

grip strength 
(kg)

preop  17 14        10 10  

Follow-up 12.7 20 19     13  12.6 15 13  

increase /
decrease

 3 5     13   5 3  

Modified 
Larsen score

Follow-up 2 - 3 2 - 4 2 - 4 ? 4 2-5 3 - 4 2 - 4 2 - 5 3 - 5 ? ? ?

CHI preop 0.44 0.51 0.47 0.48 0.47 0.43 0.68 0.45 0.47 0.45 - 0.47 0.43

Follow-up 0.45 0.49 0.47 0.48 0.5 0.38 0.71 0.41 0.43 0.44 - 0.47 0.41

UTI preop 0.34 0.26 0.17 0.32 0.35 0.32 0.41 0.33 0.33 0.35 - 0.34 0.33

Follow-up 0.28 0.3 0.14 0.31 0.3 0.3 0.37 0.36 0.37 0.34 - 0.31 0.32

subjective patient 
satisfaction

high 65% excellent high moderate - 
high

high high high high ? moderate - 
high

moderate - 
high

moderate - 
high

?

Vas: visual analogue scale, ROM: Range of Motion, kg: kilogram, Modified  Larsen score (35),  
CHI: carpal height index (36), UTI: Ulnar translation Index (15)
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clinical manifestations were present other than a decrease in motion. The equivalency of 
the carpal height index preoperatively and at follow-up is noticeable. The ulnar translation 
index was higher at intermediate follow-up but lower at long-term follow up. While some 
authors noted an increase in the ulnar translation index, others noted a decrease.15,19,20,23–

28 We believe this discrepancy may result from the surgical correction, which may 
deteriorate over time. There are no reports in the literature on the treatment psoriatic 
arthritis wrist deformity with an RL arthrodesis.
 The results from the long-term follow-up of this case series may improve patient 
counseling. Weaknesses of this study are that it lacked a control group and that we did not 
obtained VAS and grip strength measurements preoperatively. The use of only 1 fixation 
method could have influenced the outcome. Another fixation method for RSL arthrodesis 
might have provided a higher fusion rate and led to different outcomes.
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Abstract

Loading of the lunate in patients with Kienböck’s disease and a negative ulnar variance 
provide the rationale for a radial shortening osteotomy. This osteotomy decreases forces 
transmitted from the radius to the lunate. We retrospectively reviewed 12 patients with 
Kienböck’s disease who had 13 radial shortening osteotomies to ascertain whether the 
reported short- and medium-term results endured in the long term. We evaluated nine 
osteotomies in nine of the 12 patients with a minimum of 16 years followup (average,  
22 years; range, 16–31 years). Three patients died and one was lost to followup. For the 
nine patients, the range of motion was impaired compared with the normal side. Grip 
strength was on average 90% of the unaffected side. The average visual analog scale score 
for pain was 2.4 and the average Disabilities of the Arm, Shoulder, and Hand score was 14 
at latest followup. In eight patients, the Lichtman classification of Kienböck’s disease did 
not change at followup, but in three patients there was radiographic progression of  
the  disease, which occurred during the first 10 years postoperatively. The medium- and 
long-term results therefore were comparable. We recommend radial shortening in stable 
wrists (Stage 3A or less) with a negative ulnar variance. The radius should be shortened  
to the level of the ulna, normally 4 to 6 mm, after which stable (plate) fixation should be 
performed under compression 
Level of Evidence Level III, retrospective cohort study
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Introduction

Surgical options for treating Kienböck’s disease include resection arthroplasty of the 
lunate (with or without tendon interposition), denervation surgery, prosthetic replacement, 
revascularization, and fusions.5,7,9,20–22,24 The success rates for these surgical interventions 
range from 55% to 88% after followups of 3 to 11 years.5,7,9,20–22,24 These rates are not 
entirely satisfactory compared with the natural history of untreated Kienböck’s disease. 
Beckenbaugh et al4 described the natural history of Kienböck’s disease and reported nine 
patients with only mild pain and one patient with no pain after a followup of 9 months to 
27 years. Kristensen et al10 also reported 77% of patients free of pain during normal activity 
after a followup of 18 years.
 Saffar and Gentaz18 reported the 10- to 30-year results of nonoperative treatment in 
80 construction workers in whom change of occupation was rare even if radiographic 
evidence of progressive destruction and decrease of mobility of 50% was present.18

 In 1935, Hultén8 postulated Kienböck’s disease occurred because of stress overloading  
on the lunate. Decompressing the lunate was considered the most logical treatment for 
relieving this stress load. In 1982, Palmer et al16 described a method to measure the ulnar 
variance. Two years later, al Ekenstam et al showed that, in the neutral axis, 80% of the 
loading is on the radius while only 20% is on the ulna.1 According to this theory, distal 
radius shortening might be the treatment of choice for a negative ulnar variance of 
Kienböck’s disease. Almquist and Burns2 reported, 5 to 10 years after radial shortening, 11 
of 12 patients were satisfied with their treatment, showed functional improvement, and 
returned to their normal activities. Eiken and Niechajev6 reported, 2 to 7 years after radial 
shortening, six of eight patients had pain relief and could resume the same work as before 
the onset of symptoms. Marti et al14 reported, 1 to 5 years after radial shortening, seven of 
eight patients had no complaints, four had no function loss, and three had a loss of 10°. 
This patient group is a part of our study in which we describe the long-term results. 
Progression to a more advanced stage or further collapse is uncommon, and revascular-
ization has been reported.3,13

 We questioned whether the short- and medium-term functional results of radial 
shortening would endure in the long term. To answer this question, we performed a long- 
term followup of patients who were treated with a radial shortening osteotomy for 
Kienböck’s disease in the presence of a negative ulnar variance. We measured function 
and pain with clinical examination and subjective questionnaires and assessed the 
severity of the disease radiographically.
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Materials and methods

From 1974 to 1987, we performed 13 distal radius shortening osteotomies in 12 patients to 
treat Kienböck’s disease in the presence of a negative ulnar variance. The indication for 
surgery was long-lasting pain complaints and loss of function in the presence of Kienböck’s 
disease. The average age at the time of the osteotomy was 31 years (range, 20–44 years). 
The dominant hand was affected and treated in four patients (Table 1). Of the initial 12 
patients, two patients (three osteotomies) died during followup and one was lost to 
followup but was free of complaints during his last regular visit 16 years postoperatively. 
The remaining nine patients (five men, four women; nine osteotomies) were followed a 
minimum of 16 years (average, 22 years; range, 16–31 years) (Table 1).
 The surgical technique was described in 1981 by Marti et al.14 A standard dorsal 
 approach to the distal radius was used. First, we made a 4- to 6-mm hole with a 3.5-mm 
dynamic compression plate temporarily fixed to the distal part. We performed a trans- 
verse osteotomy in the metaphyseal bone and removed a 3-mm- thick slice of radius 
(normally total amount of resection 4–6 mm). The thickness of the slice was determined 
using preoperative radiographs. Our aim was to achieve a neutral wrist. The definitive 
fixation was performed under compression (AO compression device) to optimize bone 
healing. Postoperative treatment consisted of 4 weeks of plaster immobilization.
 The patients were asked to score their pain and satisfaction at the time of followup  
on a 10-cm visual analog scale (VAS). The scale was graded from 0 to 10 cm, with 0 cm 
 indicating high satisfaction and no pain. We also obtained Disabilities of the Arm,  Shoulder,  
and Hand (DASH) scores (0 points no complaints; 100 points worst possible outcome)  
for all patients.23 In addition, patients were asked if they had returned to their previous 
occupation. Visual analog and DASH scores were obtained by giving the patients a 
standardized questionnaire which they returned to us after filling them out.
Clinical followup consisted of measuring the range of motion of both wrists and grip 
strength in kilograms for both hands with a Jamar-meter (Therapeutic Instruments™, 
Clifton, NJ). Grip strength was measured three times after instructions were given to the 
patient (DH); the highest of the three values was documented. Complications occurring 
during the followup period also were noted and documented.
 We used preoperative and the most recent postoperative radiographs to rate the 
severity of the Kienböck’s disease using the criteria described by Lichtman and Degnan12 
(Table 2) and the carpal height index according to Youm et al.25 For two patients, no 
preoperative radiographs were preserved. All radiographs were viewed by two of us 
(EEJR, DH). 
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Results

The subjective outcome measures for the long-term outcome showed an average VAS 
score for pain of 2.4 (range1–10), an average VAS score for satisfaction of 2.2 (range, 0–8), 
and an average DASH score of 14 (range, 0–68) (Table 1). Eight of the nine patients returned  
to their previous occupation after surgery.
 The range of motion of the affected wrist was lower at the latest followup compared 
with the contralateral healthy wrist. The average range of motion at followup was 59° to 
67° dorsal-palmair flexion (79–103% of the contralateral side), 39° to 25° ulnar-radial 
deviation (78–82% of the contralateral side), and 84° to 89° pronation-supination (93–99% 
of the contralateral side).
 The average grip strength was 33 kg (range, 18–60 kg) in the surgically treated hand 
and 37 kg (range, 21–58 kg) in the contralateral hand; thus, the grip strength in the 
surgically treated hand was 90% of that in the contralateral side.
 The stage of the Kienböck’s disease according to Lichtman and Degnan12 did not 
change at followup compared with the preoperative classification in eight patients (two 
patients, Stage 2; five patients, Stage 3A; one patient, Stage 3B) (Table 1). In three patients, 
there was slight progression (from Stage 2 to 3A in one patient; from Stage 3A to 3B in two 
patients). In comparison to the 10-year radiographs, we noticed the deterioration occurred 
during the first 10 years. No radiographic evidence of deterioration was seen after 10 years  
of followup. The carpal height index remained unchanged (0.55) at followup in comparison  
to the preoperative value (normal carpal height index according to Youm et al,25 0.54 ± 
0.03).

Table 2   Classification of Kienböck’s Disease by Lichtman and Degnan12

Stage Description

1 Radiographs are normal except for the possibility of linear or compression fracture.

2 Disease in this stage is still localized to the lunate. The size, shape, anatomic relation-
ship, and kinematics of the carpal bones are not substantially altered. The lunate has 
definite increased density relative to the carpal bones. Late in this stage, some height 
may be lost on the radial side of the lunate.

3A The lunate has collapsed in the frontal plane and elongated in the sagital plane. The 
capitate begins to migrate proximally. The kinematics of the proximal row are altered 
minimally.

3B Further deterioration of Stage 3A disease. The lunate has collapsed with fixed scaphoid 
rotation and other secondary derangements.

4 All the findings of Stage 3 are present, in addition to generalized carpal degeneration.
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 None of the patients had a delayed union or nonunion or experienced any complications. 
There were no tendon ruptures or losses of function in the fingers or thumb. 

Discussion

Our aim was to determine whether the radiologic long-term results of a radial shortening 
osteotomy for Kienböck’s disease in patients with a negative ulnar variance were identical 
to the short- and medium-term results.
 This is a retrospective study with a limited number of patients describing the 
long-term results of patients seen at a recent followup. We could not collect data and 
perform a complete followup for all the patients for the average followup of 22 years. 
Therefore, the data might not be generalizable.
 Although early results in patients with Kienböck’s disease may be good, the disease 
may not necessarily be resolved permanently because secondary osteoarthritic changes 
are likely to occur in these patients. However, we found our long-term results similar to the 
medium-term results reported earlier14 and the medium-term results reported by 
others.2,6,15,17,19 All radiographic deteriorations occurred during the first 10 years post-
operatively and remained completely stable afterward.
 Our findings showed an average DASH score of 14, indicating a good outcome for our 
patients overall. Only three patients had slight radiographic deterioration without major 
clinical implications. Two patients radiologically progressed to Stage 3B disease during the 
first 10 years; this radiologic deterioration was not equal to a bad outcome, as these 
patients had a DASH score of 0 and 34 at followup.
 One patient had a poor clinical outcome (DASH score 68). We performed a radial 
shortening osteotomy in this 20-year-old patient who had Stage 3B Kienböck’s disease. 
Despite no radiographic progression, the clinical situation did not improve much (Fig 1). 
Joint leveling surgery of the wrist is not advised in patients with advanced stages of 
Kienböck’s disease (Stages 3B and 4).11 Although one patient in our small series is not 
sufficient to support this statement, we did not perform any joint leveling procedures in 
patients with Stage 3B disease or worse.
 Although the success of radial shortening osteotomies in patients with Stage 3A 
disease is also considered doubtful,11 all of our patients with preoperative Stage 3A 
deformities responded well to treatment.
 Our data support the hypothesis of af Ekenstam1 that stabilization of Kienböck’s 
disease occurs after unloading the lunate by radial shortening. Some patients had radio- 
graphic evidence of deterioration; however, the deterioration stopped after 10 years of 
followup. A negative ulnar variance is an etiologic factor of Kienböck’s disease, and the 
concept of joint leveling procedures is widely accepted. Although the same biomechanical 
solution is provided by ulnar lengthening, several studies report better outcome and less 
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complications for radial shortening.3,11,13,19 As for every type of osteotomy, nonunion is a 
welldocumented complication. However, nonunion did not occur in our series. We believe 
the use of fixation under compression lowers the rate of nonunions.
 Our data suggest the long-term results after distal radius shortening osteotomy for 
Kienböck’s disease in patients with a negative ulna variance gives longlasting pain relief. 
The deformity seems to stabilize after 10 years, but some complaints of occasional pain 
remain.

Figure 1

(A) An anteroposterior radiograph from a 20-year-old woman shows Lichtman Stage 3B Kienböck’s 
disease on the right (dominant) wrist. (B) The lateral radiograph of the same patient shows a ventral 
collapse of the lunate. The negative ulnar variance is visible. (C) The anteroposterior and (D) lateral 
radiographs 20 years after the radial shortening osteotomy show she still had a Stage 3B deformity; 
her DASH score was 68.

A

C

B

D
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Abstract 

Trapeziometacarpal osteoarthritis is a common entity, often bilateral and predominantly 
affecting postmenopausal women. In the case of failure of conservative treatment, 
surgery is a good option. The aim of this study was to compare three surgical procedures. 
63 patients (74 thumbs) with osteoarthritis of the trapeziometacarpal joint were surgically 
treated; 54 patients were seen for follow-up, 7 had died and 2 were lost to follow-up. The 
patients were stratified according to treatment; resection arthroplasty (the joint surface’s 
of the metacarpal and the trapezium are resected) (18 thumbs), trapeziectomy with 
tendon interposition (17 thumbs) or trapeziometacarpal arthrodesis (28 thumbs). Baseline 
characteristics were comparable in the three groups for mean age at operation, Eaton 
classification, left right distribution and dominant hands operated. The average follow-up 
was 13 years for the resection group, 8 years for the trapeziectomy group and 9 years for 
the arthrodesis group. No statistically significant difference between the three groups was 
found for the visual analogue pain and satisfaction scale, pain frequency nor DASH score. 
Patients in the trapeziectomy group had significantly less pain compared to the arthrodesis 
group (p=0.025). Statistically, radial abduction was significantly better after trapeziectomy 
compared to resection arthroplasty (p<0.01) or arthrodesis (p=0.01). There was no 
difference among the three groups in grip and tip pinch strength nor in pain on palpation. 
None of the patients in the trapeziectomy group needed a re-operation, one patient in 
the resection arthroplasty group had a re-operation, and 22 patients in the arthrodesis 
group had one or more re-operations for hardware removal or because of a complication. 
This study shows that the resection arthroplasty has equally good long term results 
compared to trapeziectomy combined with tendon interposition or arthrodesis. Resection 
arthroplasty is performed through a single incision and is technically simple. In our clinic 
resection arthroplasty is therefore the preferred technique for the treatment of osteo-
arthritis of the trapeziometacarpal joint.

Résumé L’arthrose trapézométacarpienne est fréquente, souvent bilatérale et atteint de 
façon prédominante les femmes post ménopausées. En cas d’échec du traitement 
conservateur, la chirurgie est une excellente option de traitement. Le but de cette étude 
est de comparer trois techniques chirurgicales.
 Patients et méthode: 63 patients (74 pouces) présentant une arthrose trapézométa-
carpienne ont été traités chirurgicalement, 54 patients ont été suivis régulièrement, 7 sont 
décédés et 2 perdus de vue. Les patients ont été classés en fonction du traitement, 
résection arthroplastique (18 pouces) trapézectomie avec inter position tendineuse (17 
pouces) et arthrodèse 28 pouces. Les données de ces patients étaient comparables dans 
les trois groupes en ce qui concerne l’âge, l’intervention, la classification d’Eaton, la 
latéralisation des lésions et la main dominante. Le suivi moyen a été de 13 ans pour le 
groupe résection, 8 ans pour le groupe trapézectomie et de 9 ans pour le groupe 
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arthrodèse. Résultats: il n’y a pas de différence significative entre ces trois groupes sur le 
plan de la douleur et de la satisfaction ainsi que du score DASH. Les patients du groupe 
trapézectomie, ont significativement moins de douleur si on les compare au groupe 
arthrodèse (p=0.025). L’abduction est de façon significative plus importante après 
trapézectomie si on la compare au groupe résection (p<0.01) ou arthrodèse (p=0.01). Il n’y 
a pas de différence significative dans les trois groupes en termes de force, de serrage, de 
pince, ni en termes de douleur à la palpation. Aucun de ces patients après trapézectomie 
n’a nécessité de réintervention alors qu’un patient du groupe résection arthroplastique a 
dû être réopéré et 22 patients du groupe arthrodèse ont eu une ou plusieurs réinterventi-
ons, soit pour ablation de matériel soit du fait d’une complication.
 En conclusion, cette étude montre que la résection arthroplastique donne un résultat 
à long terme équivalent aux autres techniques. La résection arthropastique peut être 
réalisée par une petite incision, elle est extrêmement simple sur le plan chirurgical. Dans 
notre établissement, la résection arthroplastique est devenue la technique de choix pour 
le traitement des arthroses trapézométacarpienne. Niveau d’évidence III–Etude de cohorte 
rétrospective.

Introduction

Trapeziometacarpal osteoarthritis is a common entity, often bilateral and predominantly 
affecting postmenopausal women [2, 11]. Conservative treatment is mostly successful, 
and surgical treatment is only indicated in resistant cases. A number of surgical procedures 
have been described for basal joint osteoarthritis, whereby simple excision was first 
reported in 1949 [20]. Other surgical procedures for osteoarthritis of the trapeziometacar-
pal joint include fusion[1, 4, 7, 12, 14, 15, 25, 27, 33], trapeziectomy combined with 
interposition arthroplasty. For interposition two main procedures are described: soft tissue 
[30] or silicone [26, 32, 34]. Also, reasonable to good results of total joint replacement have 
been reported [9, 10]. To the best of our knowledge there have been no reports on simple 
excision of both joint surfaces of the trapeziometacarpal joint. The rationale behind this 
simple resection was based on the experience of one of the authors (AM) that a non-union 
of the arthrodesis of the trapeziometacarpal joint did not result in complaints. So in the 
simple resection a non painful non-union is aimed for.
 In this study the results of simple resection of the surfaces of the trapeziometacarpal 
joint are reported and compared to trapeziectomy with tendon interposition and  trapezio - 
metacarpal arthrodesis. 

Operative technique
For the resection arthroplasty, the joint is approached through a straight radial incision 
over metacarpal I and the trapezium to the wrist. After exposure of the joint, only the joint 
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surfaces of the trapezium and the metacarpal bone are removed, care must be taken to 
resect all osteophytes. A minimal distance of 1 cm under traction between the two bones 
is aimed for. Care is taken to resect all osteophytes but not to resect joint capsule and 
ligaments. Spongostan (Ferrosan A/S, Soeborg, Denmark) is used as a spacer to fill the 
gap, and the wound is closed in one layer. Aftertreatment consists of two weeks of 
immobilisation in a forearm splint (below the elbow) followed by functional treatment 
(Fig. 1a,c).

 For the arthrodesis the joint space is approached in a similar way and the joint 
cartilage and the adjacent sclerotic subchondral bone is removed. A small laminar 
spreader was interposed to achieve lengthening and correction of the adduction. A stable 
fixation is achieved by a special miniplate technique. The first screwhole of a 3–4 hole AO 
mini plate is bent 90° and sunk into the metacarpal bone, acting as a washer to achieve 
maximal compression with a 2.7 mm cortical screw crossing the former joint space. With 
a second screw at the level of the trapezium, further compression and buttressing can be 
achieved by asymmetric drilling [29]. In some cases a corticocancellous graft was 
interposed. A removable forearm splint allows partial function after treatment (Fig. 2a,c).
 To perform the resection-interposition arthroplasty, a similar incision is used.  
A trapeziectomy is performed. Through a second small incision approximately 10 cm 
proximal to the wrist, the flexor carpi radialis tendon (FCR) is identified and split with a 
tendon stripper from its muscle belly proximally, leaving the distal insertion intact. The 
split tendon is rolled and stitched to form an anchovy-like structure of the appropriate size 
to fill the gap created to the first metacarpal base. This procedure is followed by a scaphoid  
type of plaster fixation for 6 weeks [33] (Fig. 3a,b).

Figure 1

a, b Patient A, preoperative X-rays of a 61 year old female. Eaton stage 2 joint destruction. c, d Patient A  
one year postoperative, no complaints. e, f Patient A, 10 years postoperative. DASH, VAS for pain and 
satisfaction all 0 points (maximum score) 

a b c d e f



103

LONG TERM RESULTS OF SURGICAL INTERVENTION FOR OSTEOARTHRITIS OF THE TRAPEZIOMETACARPAL JOINT

7

Figure 2

a, b Patient B, preoperative X-rays of a 61 year old female. Eaton stage 2 joint destruction. c, d Patient B, 
direct postoperative X-rays showing the trapeziometacarpal arthrodesis with the platewasher 
technique. e, f Patient B, X-rays after five years of follow-up showing a completely united arthrodesis. 
DASH 54, VAS for pain 30 and for satisfaction 25

Figure 3

a, b Patient C, preoperative X-rays of a 62 year old female. Eaton stage 2 joint destruction. c, d Patient C, 
X-rays after five years follow-up of trapeziectomy with tendon interposition showing a slight 
calcification on the lateral X ray. DASH 10 points, VAS for pain and for satisfaction both 0 points

a

a

b

b

c

c

d

d

e f
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Patients and methods

In 63 consecutive patients with osteoarthritis of the trapeziometacarpal joint 74 thumbs 
were surgically treated at the Hilversum Hospital and the Academic Medical Centre in 
Amsterdam between 1977 and 2000. The indication for surgical intervention was failure of 
conservative treatment with idiopathic degenerative osteoarthritis, except for one case  
of posttraumatic osteoarthritis. 54 patients (63 thumbs) were seen for follow-up, 7 patients  
(9 thumbs; 12%) had died and 2 patients (2 thumbs; 3%) were lost to follow-up (see Table 1). 
According to the preference of the surgeon, either resection arthroplasty, trapeziectomy 
with tendon interposition or trapeziometacarpal arthrodesis was performed (Table 1).  
The resection arthroplasty was only performed by one surgeon, the other two techniques 
were performed by several surgeons but each surgeon performed only one of the 
techniques. All surgeons were experienced and fully qualified orthopaedic surgeons.  
At follow-up the patients were evaluated by one independent researcher. The results of 
the patients seen for follow-up were analysed: 18 thumbs (7 male and 11 female patients) 
had a resection arthroplasty, 17 thumbs (3 male and 14 female) had a trapeziectomy with 
tendon interposition and 28 thumbs (4 male and 24 female) had a trapezio-metacarpal 
arthrodesis. The average age was 58 years in the resection group (range 38–76 years), 65 
years in the trapeziectomy group (range 47–80) and 61 years in the arthrodesis group 
(range 46–78 years). The average follow-up was 13 years (range 3–23 years) for the  
resection group, 8 years (range 5–12 years) for the trapeziectomy group and 9 years (range 4–27 
years) for the arthrodesis group (p=0.025 for resection versus trapeziectomy and 

Table 1   Patients

Resection 
arthroplasty

Trapeziectomy Arthrodesis

Patients (thumbs) 16 (19) 17 (20) 30 (35)

Dead (thumbs) 1 (1) 2 (3) 4 (5)

Lost to FU (thumbs) 0 0 2 (2)

Remaining for FU (thumbs) 15 (18) 15 (17) 24 (28)

Age (years) 58 (38-76) 65 (47-80) 61 (46-78)

Male/ female 7/11 3/14 4/24

Left/right 7/11 12/5 12/16

Bilateral 6 4 8

Dominant 13 6 12

FU (years) 13 (3-24) 8 (5-12) 9 (4-27)
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trapeziectomy versus arthrodesis, p=0.046 for resection versus arthrodesis). Thirteen 
dominant hands were operated on in the resection group, with 6 and 12 in the 
trapeziectomy and arthrodesis groups, respectively. The average preoperative Eaton 
stage was 2.6 (2–3) in the resection group, 2.4 (0–4) and 1.6 (0–4) in the trapeziectomy and 
arthrodesis groups, respectively. 
 At follow-up all patients were asked to complete a visual linear analogue scale (VAS) 
for satisfaction with the result of the operation and persisting pain from the thumb.  
These scales were graded from 0 to 100 millimeters with “0” indicating high satisfaction 
and no pain. At follow-up pain relief after operation and pain frequency were scored 
(never pain, pain sometimes during heavy work, frequent pain and continuous pain).  
The Dutch validated Disability of Arm Shoulder and Hand questionnaire was used to 
evaluate function of the affected limb [24, 36].
 Range of motion was measured with the neutral-zero method. Grip strength was 
measured with the use of a Jamarmeter (Therapeutic instrument™, Clifton, N.J. 07012, 
U.S.A.). Also tip pinch strength was recorded (see Table 2). Pressure pain on the tra-
peziometacarpal joint was noted at follow-up. Instability of the joint in the resection 
arthroplasty and the trapeziectomy group was recorded. The pre-operative X-rays were 
scored according to the Eaton classification [17, 18] (Table 3). At follow-up the fusion status 
of the arthrodesis was recorded. The patients records were used for the evaluation of 
complications. This was also checked at follow-up.

 Statistical analysis was performed with an unpaired 2-tailed Student t-test (confidence 
level was set at 0.05) and the Pearson’s correlation coefficient was calculated (relevant  
> 0.7) using Microsoft Excel XP.

Table 2   Scoring tip pinch strength

Scoring tip pinch strength Thumb to index finger not possible (0)

Possible no strength (1)

Possible normal strength (2)
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Results

Results resection arthroplasty (n=18)
The visual analogue scores for pain and satisfaction were 14 and 8, respectively. Compared 
to preoperative, 16 thumbs (89%) were significantly improved and 2 thumbs (11%) were 
slightly improved. At follow-up 8 thumbs (44%) never had pain, 7 thumbs (39%) had some 
pain during heavy work, 2 thumbs (11%) had frequent pain and 1 (6%) had continuous 
pain. The average score on the DASH was 26 points (range 0–70). The radial abduction of 
the thumb was 45°. The average grip strength with the Jamar-meter was 22 kg (range 
6–39 kg). The average tip pinch strength was 3. In 4 thumbs(22%) there was pressure pain 
at follow-up while pressing on the trapeziometacarpal. No instability was found. Sensory 
deficit due to damage to terminal branches of the radial nerve was experienced in  
2 thumbs (11%). There was no sensory alteration on the tip of the thumb in any of the 
groups (compromising the tip pinch). One patient was treated with re-resection for 
recurrent symptoms 8 years after initial surgery with a good result.

Results trapeziectomy (n=17)
The visual analogue scores for pain and satisfaction were 10 and 2, respectively. Compared 
to preoperative, 16 thumbs (94%) were significantly improved and 1 thumb (6%) was slightly 
improved. At follow-up 10 thumbs (59%) never had pain, 5 thumbs (29%) had some pain 
during heavy work, 2 thumbs (12%) had frequent pain and no patient had continuous 
pain. The average score on the DASH was 27 points (range 0–73).

Table 3   Eaton classification [17, 18]

Stage Eaton classification I
(n=7*)

II
(n=12*)

III
(n=16*)

I Normal appearance of articular surface and slight 
joint space widening

19%

II Minimal sclerotic changes of subchondral bone. 
Osteophytes and loose bodies less than 2 mm

43% 58% 44%

III Trapeziometacarpal joint space markedly narrowed 
and cystic changes present. Subluxation of the 
metacarpal may have occurred. Osteophytes and 
loose bodies greater than 2 mm

57% 25% 31%

IV Presence of scaphotrapezial joint disease with 
narrowing and cystic changes

17% 6%

(I) resection arthroplasty group, (II) trapeziectomy group, (III) arthrodesis group 
*Number of X-rays preoperative available for analysis
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 The radial abduction of the thumb was 64°. The average grip strength with the 
Jamar-meter was 20 kg (range 8–37 kg). The average tip pinch strength was 3. In 4 thumbs 
(24%) there was pressure pain at follow-up while pressing on the trapeziometacarpal. No 
instability was found.
 Sensory alteration due to damage to terminal branches of the radial nerve was 
experienced in 4 thumbs (24%). There was 1 patient with Sudeck’s dystrophy. None of the 
patients had reoperations due to complications.

Results arthrodesis (n=28)
The visual analogue score for pain and satisfaction was 23 and 10. Compared to 
preoperative, 20 thumbs (71%) were significantly improved, 6 thumbs (21%) were slightly 
improved and 2 thumbs (7%) unchanged. At follow-up 8 thumbs (29%) never had pain,  
11 thumbs (39%) had some pain during heavy work, 2 thumbs (7%) had frequent pain and 
7 (25%) had continuous pain. The average score on the DASH was 25 points (range 0–83). 
The radial abduction of the thumb was 50°. The average grip strength with the Jamar-meter 
was 17 kg (range 3–41 kg). The average tip pinch strength was 3. Six thumbs (21%) had 
pain at follow-up while pressing on the trapeziometacarpal joint.
 Sensory alteration due to damage to terminal branches of the radial nerve was 
experienced in 5 thumbs (18%). Seven out of 28 patients had an arthrodesis with a cortico-
cancellous bone graft at the primary operation; non-unions were not seen in those 
patients. In the patients who did not have a corticocancellous bone graft in the primary 
operation, six non-unions were seen. Three patients had a stiff non-union without 
complaints, the other 3 patients had a re-arthrodesis which proved to be unsuccessful.  
All 3 patients had a further re-arthrodesis at that time combined with a corticocancellous  
bone graft which was successful in 2 out of 3 patients. The last patient still has a very poor 
result and a non-union after 4 operations. Fifteen out of 28 patients had hardware removal 
due to local complaints. Three patients developed dystrophy. The total number of 
reoperations due to complaints or due to a complication was 22 (79% of the patients).

Statistics
There was no statistical difference when comparing the resection and trapeziectomy 
groups and the resection and the arthrodesis groups concerning the VAS for pain and 
satisfaction, the pain frequency and the pain compared to preoperative levels. Comparing 
the trapeziectomy and the arthrodesis group a statistical difference was observed 
concerning the VAS for pain (p=0.02) and satisfaction (p=0.04), the pain frequency 
(p=0.01) and the pain compared to preoperative (p=0.03). There was no statistical 
difference in the DASH scores among the groups (Table 4). The radial abduction in the 
resection arthroplasty versus the arthrodesis was not significantly different, while 
trapeziectomy compared to resection arthroplasty was significantly better (p=0.0001) 
and also compared to arthrodesis (p=0.0046). There was no difference of grip strength 
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and pressure pain. The tip pinch was best in the trapeziectomy group compared to 
resection (p=0.03) and arthrodesis (p=0.02), while between the resection and the 
arthrodesis there was no difference (Table 4).
 No significant correlations were found in any of the group comparing age, duration 
of follow-up, preoperative Eaton classification, sex, dominant side and bilateral operation 
compared to the VAS for pain and satisfaction and the DASH score (see Table 5).

Table 4   Results of the operated thumbs

 I II III p
I vs. III

p
I vs. II

p
II vs. III

Pain frequency (%)
never

during heavy labour
frequent in daily activity

continuous

44
39
11
6

59
29
12
0

29
39
7

25

ns ns 0.01

Pain compared to preoperative (%)
significantly improved

improved
unchanged

89
11

94
6

71
21
7

ns ns 0.03

VAS for pain 4 10 23 ns ns 0.02

VAS for satisfaction 8 2 10 ns ns 0.04

DASH 26 27 25 ns ns ns

Eaton stage 2.6 2.4 1.6 0.006 ns 0.046

Radial abduction CMC(°) 45 64 50 ns 0.0001 0.0046

Pressure soreness  CMC (%) 22 24 21 ns ns ns

Grip strength Jamar 22 20 17 ns ns ns

Tip pinch strength 2.7 3 2.8 ns 0.029 0.017

(I) resection arthroplasty group, (II) trapeziectomy group, (III) arthrodesis group
(ns) not significant
(p) p-value of student T-test
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Discussion

Osteoarthritis of the basal joint of the thumb commonly affects middle aged women [2]. 
There is a disabling pain and swelling of the base of the thumb associated with deformity, 
instability, crepitus and loss of motion. If conservative treatment fails surgical intervention 
usually has good results and leads to satisfied patients independent of the technique 
used, either trapeziectomy with tendon interposition or arthrodesis [1, 4, 7, 12, 14, 15, 20, 21, 
25, 27, 30, 33].
 Simple trapeziectomy introduced by Gervis [20] is also an easy and quick procedure 
which is still favoured [19, 21, 33]. The results are comparable with the results we found for 
all three procedures. To overcome problems of instability and shortening, interposition of 
a rolled flexor carpi radialis tendon in the space of the removed trapezium was introduced 

Table 5   Pearson’s correlation coefficient

I II III

Age versus
VAS for pain

VAS for satisfaction
DASH

-0.02
-0.02
-0.25

0.20
0.04
0.17

-0.39
-0.42
-0.01

Eaton score versus
VAS for pain

VAS for satisfaction
DASH

-0.47
-0.47
-0.25

0.32
0.46
0.11

-0.31
0.02

-0.04

FU duration versus
VAS for pain

VAS for satisfaction
DASH

-0.10
0.12
0.12

-0.04
0.44
0.52

-0.08
-0.15
-0.19

Gender versus
VAS for pain

VAS for satisfaction
DASH

0.41
0.32
0.57

-0.12
0.14
0.14

0.20
0.08
0.35

Dominant side versus
VAS for pain

VAS for satisfaction
DASH

0.36
0.35
0.33

-0.44
0.33
0.08

-0.16
-0.09
-0.20

Bilateral versus
VAS for pain

VAS for satisfaction
DASH

-0.13
-0.31
-0.19

-0.04
0.41
0.51

0.18
-0.04
0.17

(I) resection arthroplasty group, (II) trapeziectomy group, (III) arthrodesis group
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[19]. In more recent literature ligament reconstruction-tendon-interposition arthroplasties 
are popular [35]. Although, in the randomised studies of Belcher and Nichol [3] and Davis 
et al. [13], no statistical difference for trapeziectomy alone or combined with ligament 
reconstruction and tendon interposition was found. Manske [28] raised the question 
whether any of the stabilising procedures proposed by Eaton and Littler [16], and Burton 
and Pelligrini [5] are in fact necessary after trapeziectomy, and whether splinting alone 
might be sufficient. In our study we did not immobilise the thumb with a K-wire; all 
patients with a resection arthroplasty were immobilised for two weeks in a splint and for 
6 weeks if they had a trapeziectomy with tendon interposition. The results of the 
trapezectomy might have been better if no tendon interposition had been performed.
 Arthrodesis of the trapeziometacarpal joint proved to be a reliable procedure with 
good long term results. In the literature different methods of fixation have been described 
[1, 4, 6–8, 12, 15, 25, 27, 33]. The problems of the arthrodesis are failure of the hardware and 
non-union. Also, complaints of pain due to the thin skin overlying the hardware are 
frequent. In our series these problems were also noticed resulting in a high rate of re-inter-
vention. Most of the patients with a non-union, however, did not have complaints of pain 
and therefore had no re-intervention. No non-unions were observed in the cases were a 
corticocancellous bone graft was used. Better results could possibly have been observed 
if all patients had a corticocancellous bone graft.
 Until now there have been no reports of simple resection of the joint surfaces of the 
metacarpal bone and the trapezium. This study shows that this procedure leads to good 
results and satisfied patients in the long term. An explanation can be found in the early 
functional treatment after a short period of immobilisation. This is in accordance with the 
results presented by Horlock and Belcher who also advocate early functional treatment 
[23]. The procedure itself is very simple since no hardware is used; this reduces risk of a 
re-interventions for hardware failure or complaints. Although there were some differences  
in the baseline characteristics, concerning Eaton stage, dominant side and length of 
follow-up, we consider the groups as comparable since we did not find positive correlations  
for those characteristics.
 Because of the small number of patients we could not establish significant differences 
between the patient groups comparing satisfaction, pain experience and functional 
outcome. Comparing the complication and re-intervention rates we noticed considerable 
differences with worse results in the arthrodesis patients. In the published comparative 
studies no differences were found between trapeziectomy with or without the addition 
of ligament reconstruction [3, 13]. Also, comparison of arthrodesis with ligament 
reconstruction revealed no differences except for a higher complication rate [22]; apart 
from the publication of Mureau et al. [31] who found that patients undergoing tendon 
interposition arthroplasty had better thumb opposition, interphalangeal joint mobility, 
and radial and palmar TMC joint range of motion.
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Conclusion

Although we have a small number of patients we show that the resection arthroplasty is 
a simple procedure and has equally good long term results compared to trapeziectomy 
combined with tendon interposition and arthrodesis. The trapezectomy with tendon 
interposition requires one extra incision for harvesting the tendon in comparison with 
resection arthroplasty. Therefore we consider resection arthroplasty to be the most simple 
procedure. Resection arthroplasty has less complications and less re-interventions 
compared to arthrodesis.
 The resection arthroplasty is the most simple procedure in our clinic, and is therefore  
the treatment of choice for osteoarthritis of the trapeziometacarpal joint. We consider this 
a reasonable alternative to the “gold standard” of the trapezectomy in the treatment of 
osteoarthritis of the trapeziometacarpal joint. Further randomised trials of the resection 
arthroplasty and trapezectomy should answer the question as to the outcome compared 
to the gold standard and if the results remain as good with different surgeons.
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Abstract

Introduction Osteoarthritis of the first carpometacarpal joint can cause pain, weakness 
and deformity resulting in marked disability. Different surgical treatments have been 
described and compared in previous studies. We evaluated the short term outcomes of 
the Nugrip™ CMC Implant.
Methods Ten patients with CMC-1 osteoarthritis were treated with the Nugrip™ CMC implant. 
Mean follow-up periode was 9.5 months. For subjective assessment the Disabilities of the  
Arm, Shoulder, and Hand [DASH] questionnaire was used pre and postoperative. Pain was 
assessed using a visual analogue scale [VAS] pre and postoperative. Furthermore, patients 
were asked postoperative to judge satisfaction and functionality using a VAS [0=very 
satisfied; 10=not at all]. Postoperative objective assessment consisted of range of motion 
[ROM] of the thumb, tip pinch and handgrip strength. All measurements were compared 
with the contralateral side.
Results Seven out of ten joints were placed in the dominant side. We observed three 
complications; one dislocation needed additional soft tissue stabilization and re-implantation  
of a larger Nugrip prosthesis. A second patient had a remaining symptomatic osteophyt, 
which needed resection. The third patient had implant malposition resulting in dysfunction 
and subsequent removal of the prosthesis. This patient was not assessed during the last 
follow up. The average score on the DASH pre- and postoperative was 41 and 23, 
respectively. The mean visual analogue score for pain was 6 and 3. VAS for postoperative 
functionality and satisfaction was 4 and 3, respectively [n=9]. The average grip strength 
with the Jamar-meter [n=8] on the operated side was 18.4 kg, on the contralateral 
nonoperative side 22.7. Tip pinch strength using a pinch gauge was on the operated side 
5.7 kg, on the contralateral side 6.4 kg. The radial abduction in the carpometacarpal joint 
[CMC-1] on the operated side was 49°, on the contralateral side 55°. 
Conclusion The short term results of the Nugrip™ CMC Implant are satisfactory however 
the procedure has some pitfalls. Instability is in our opinion a contraindication and resection  
of osteophyts especially on the ulnar site is mandatory.
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Introduction

Osteoarthritis of the first carpometacarpal joint is a common problem, often bilateral and 
especially affecting postmenopausal women (7,10,11). A radiographic study from Sodha  
et al revealed that 57% of 615 people with a radius fracture showed evidence of 
osteoarthritis at the trapeziometacarpal joint and increasing with age. The prevalence of 
grade-III trapeziometacarpal arthrosis was much greater in women than in men at all age 
levels. This could suggest that this is a normal part of the aging process (13). Osteoarthritis  
in the carpometacarpal joint of the thumb [CMC-1] can cause pain, weakness and 
deformity resulting in marked disability (11,16,17). The most commonly used conservative 
treatment modalities are NSAID’s, corticosteroid injections and splints (10,18). The result of 
conservative treatment is often satisfactory and surgical treatment should only be reserved  
for resistant symptomatic cases.
 A variety of surgical techniques have been described in which pain relief and to 
restore function are the main goals of treatment. Resection arthroplasty and soft tissue 
procedures have been described thoroughly and recommended based on the severity of 
CMC-1 osteoarthritis (11,16,17).
 Joint Arthroplasty has been performed for 45 years using various types of implant 
designs and materials, such as silicone, ceramic, polyethylene, and metal (1-3,10,12,15).  
The aim is to preserve the length of the thumb, which is important for maintaining balance  
of the soft tissues resulting in better strength and function. In this way, ulnar and axial 
displacement and metacarpal angulation can be significantly reduced compared with 
trapiezectomy modalities (9).
 In this study we evaluate the short term outcomes of the Ascension® Nugrip™ CMC 
Implant. This is a pyrocarbon hemiprosthesis for the treatment of osteoarthritis in the first 
carpometacarpal joint.

Patients and methods

Patients were enrolled in this study if they were diagnosed with symptomatic primary or 
secondary first carpometacarpal joint osteoarthritis based on clinical and radiologic 
changes and were treated with the Nugrip CMC Implant.
 For subjective assessment pre- and postoperative, the Disabilities of the Arm, Shoulder, 
and Hand [DASH] questionnaire was used. Pain was registered using a visual analogue 
scale [VAS; 0= no pain, 10=unbearable pain] both pre- and post-operative. Furthermore, 
patients were asked to judge both functionalitiy and satisfaction postoperative using a 
visual analogue scale [VAS: 0= very satisfied 10=not satisfied at all] 
 Objective assessments consisted of interphalangeal joint flexion/extension; meta-
carpophalangeal joint flexion/extension; and carpometacarpal joint flexion/extension 
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and abduction and adduction. Complementary distance between thumb and palm of 
the hand and thumb and pink finger [of 1st and 5th finger] was measured.
 Handgrip strength was measured using a hydraulic hand dynamometer [Baseline ®, 
Irvington, NY]. Tip pinch strength [STPS] was measured between thumb and indexfinger 
using a pinch gauge [Baseline ®, Irvington, NY]. For both instruments the average of three 
measurements was used. Sensibility of the nervus radialis superficialis was tested. All 
measurements were also performed on the contralateral nonoperative side.
 An independent hand therapist carried out all ROM and strength measurements.  
A total of 10 patients were included in this study [2 men and 8 women]. Out of ten hands 
seven were dominant. The mean age was 56 years [range 50-72 years]. According to the 
radiographic criteria of Eaton and Glickel, 1987 (4): preoperatively 2 thumbs had stage II 
osteoarthritis; 8 had stage III. Mean follow-up period was 9.5 months [range 5-16 months].

Surgical technique
A single surgeon performed all implantations of the Nugrip CMC 1 implant in this group 
of patients. Axillary block anesthesia was used, and surgery was performed under tourniquet 
control. All patients received intravenous antibiotics profylaxis [2 grams Kefzol; Cefazoline, 
EuroCept bv].
 First, a lazy-S incision is made over the CMC joint in line with the dorsal compartment 
tendons. Great care must be taken to avoid injury to the superficial radial nerve. Then the 
interval between the abductor pollicis longus [APL] and extensor pollicis brevis [EPB] is 
opened. This gives a clear view of the CMC joint capsule. A longitudinal incision is made, 
and by elevating the capsular periosteal flaps anteriorly and posteriorly there is a good 
exposure of the CMC joint. Additional dissection up the distal radial and ulnar sides of the 
metacarpal shaft is necessary to release portions of the adductor and opponens muscles, 
allowing dorsal subluxation of the metacarpal from the trapezium. Using Hohmann 
retractors placed underneath metacarpal gives an elevation of the base for further 
preparation. The Starter Awl [Ascension Orthopedics®, Austin, Texas] is inserted intra-
medullary into the central dorsal third of the first metacarpal. The Alignment Awl is 
inserted in the shaft of the metacarpal, with the External Alignment Guide attached 
[Illustration 1]. The last one should be parallel to the dorsal surface of the metacarpal. 
External Alignment guide is replaced for the Vertical Cutting Guide Approximately 3-5 
mm of bone is resected; osteotomy is made at junction of metacarpal base an articular 
surface. After resection thorough palpation for existence of osteophytes is indicated, and 
remaining osteofyts should be removed thoroughly. Once the resection is complete, the 
Nugrip Sizing Template can be placed between metacarpal and trapezium for estimating 
joint space. Replacement of Hohmann retractors on the volar aspect of the trapezium 
gives a clear view of the distal surface; templating of the trapezium is performed. A solid 
rim of cortical bone should surround Template for proper stabilization of the implant. 
K-wire is inserted into center of the Trapezium end the Template is removed. Trapezial cup 
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8is prepared using an Axial Cannulated Cutter The trapezial cup may be safely deepened to 
a level equal with the distal third of the trapezium [Illustration 2-3]. Surface of the cup is 
being smoothened with the Nugrip Finishing Shaper Broaching of the metacarpal bone 

Illustration 1   The Alignment Awl inserted intramedullar with the External Alignment 
Guide attached.

Illustration 2 and 3   Preparing of the trapezium using an Axial Cannulated Cutter,  
with result.
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is the last step of this procedure. Insert the trial and check the stability of the implant; 
thumb adduction with simultaneous thumb MP and IP joint flexion.
 During implantation of permanent Nugrip implant ensure axial rotation; confirm the 
dorsal surface of implant stem is parallel to dorsal surface of the metacarpal. The capsule  
and skin were closed in layers.
 Postoperative conventional x-rays were made [Illustration 4]. The thumb was immobilized 
for 4 weeks in a plaster, with the thumb in abduction. After four weeks a removable 
protective splint replaced it, and active physiotherapy was started.

Results

Ten patients were operated in our centre. There were three complications and all needed 
re-intervention. In one patient there was a displacement of the implant the day after 
surgery and needed an additional surgical soft tissue stabilization and re-implantation of 
a larger Nugrip prosthesis. One patient had persisting pain due to a remaining osteophyt 
which needed additional resection. The third patient had a malposition of the Nugrip™ 
CMC Implant resulting in persisting pain which resolved after removal of the implant.  
The mean preoperative DASH score was 41 [0=no disability, 100=maximum disability].  
At follow up the mean DASH score was 23. Results are shown in Figure 5. The mean visual 
analogue score for pain preoperative was 6 [range: 1.5 -9.5]. At postoperative follow-up 
the mean VAS for pain was 3 [range 0.0-8.5], this was an improvement. The mean VAS for 
functionality and satisfaction postoperative were respectively 4 and 3 [all shown in Figure 6]. 
The average grip strength measured on the operated side was 18.4 kg [range 8.3-50.0], 
contralateral side 22.7 [range 5.0-50.0]. The Tip pinch strength [STPS] using a pinch gauge 
was on the operated side 5.7 kg [range 4.5-8.0], on the contralateral side 6.4 kg [3.0-11.5] 

Illustration 4   Conventional X-ray postoperative after inserting Nugrip.
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[shown in Table I]. Sensibility of the nervus radialis superficialis was tested in all cases and 
there were no disorders found. The radial abduction in the carpometacarpal joint of the 
thumb on the operated side was 49° [range 28-68], on the contralateral side 55° [range 
34-72] [Table II]. The thumb could reach the fifth finger and the palm off the hand for both 
operated and contralateral side in all patients. Measurements in interphalangeal and 
metacarpophalangeal joints are shown in Table III.

Figure 5   DASH score pre- and postoperative.

Figure 6   Comparison of VAS for pain pre- and postoperative, and postoperative for 
functionality and satisfaction.
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Discussion

The current study demonstrates that the Nugrip joint prosthesis as a treatment for thumb 
basal joint osteoarthritis provides significant pain relief and improvement in the DASH 
score. Patients were satisfied with the end result. There were three complications and all 
needed re- intervention; in one patient there was a dislocation of the implant, one patient 
had persisting pain due to a remaining osteophyt. In one patient there was a malposition 
of the prothesis which was removed. Instability and remaining osteophyts are in our 
hands the main pitfalls of this procedure.
 Osteoarthritis at the base of the thumb can result in considerable disability. If conservative 
treatment fails surgical treatment can be a viable option. Wajon et al reviewed this topic in 
2005 and 2009, which was later on updated by Vermeulen et al 2011. Wajon et al included 
all studies which reported clinically relevant outcomes regardless of methodological 
quality. The articles needed to compare at least two surgical procedures. There were no 
strict inclusion and exclusion criteria. 

Table 1   Comparison of Grip strength and Scoring Tip Pinch Strength between 
operated and contralateral side

Patient Operated side 
GS1

Contralateral 
GS

Operated side 
STPS2

Contralateral 
STPS

1 12 18 6 6

2 14.5 22 5 7

3 10.3 8.6 5 3

4 12 5 4.5 4.5

5 26 22 5.5 6

6 8.3 24 6.3 3

7 12 32 5.2 11.5

8 50 50 8 10

Mean 19.54 22.70 5.69 6.38

93 10 25 1.5 5.5

Outcome in kilograms
In this table results of patients with fractured metacarpal (and prosthesis) are excluded
1 GS= Grip Strength
2 STPS= Scoring Tip Pinch Strength
3 Patient with malposition of Nugrip CMC Implant
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Seven surgical procedures were identified (trapeziectomy with ligament reconstruction 
and tendon interposition (LRTI), trapeziectomy, trapeziectomy with ligament 
reconstruction, trapeziectomy with interpositional arthroplasty, Artelon joint resurfacing, 
arthrodesis and joint replacement)... Of participants who underwent trapeziectomy 
with ligament reconstruction and tendon interposition, 22% had adverse effects 
(including scar tenderness, tendon adhesion or rupture, sensory change, or Complex 
Regional Pain Syndrome (Type 1)) compared to 10% who underwent trapeziectomy. 
Trapeziectomy with ligament reconstruction and tendon interposition is therefore 
associated with 12% more adverse effects...  (Wajon, 2009, p. 2)

Despite the diversity in study designs, materials, and methods, the conclusion was that 
none of the techniques were superior to the others. The literature regarding total 
 trapeziometacarpal joint arthroplasty is limited. The de la Caffiniere prosthesis, which is a 
cemented total joint prosthesis developed in the late 1970s, is probably the most widely 
used and studied design (8,16). This prothesis has demonstrated a tendency to aseptic 
loosening in active patients younger than 60 years. Aggressive reaming of the trapezium 
and use of cement, which might compromises the blood circulation of the trapezium, are 
mentioned as a possible cause. The Ascension Nugrip Implant preserves the trapezium 
and has a press fit stabilization in the first metacarpal bone which might avoid loosening 
in the long term.
 Ulrich-Vinther et al (14) compared the Elektra joint prosthesis with tendon interposition 
arthroplasty. The study demonstrated a quickly restored pain-free, stable motion at the 
basal joint of the thumb with improved strength equal to the asymptomatic contralateral 
thumb. The authors concluded that the improvements in the outcome parameters seem 
to have a more rapid onset in patients with a joint prosthesis than in patients with a 
tendon interposition arthroplasty. Hernandez et al (6) on the other hand describe poor 
outcomes at a mean follow-up of 29 months. In nine out of nineteen cases there was 
trapezial pain with radiographic osteolysis and positive isotope scans. Three patients 
underwent surgical revision of the prosthesis. The early onset of these symptoms is 
suggested to be a failure of the osseointergration.
Kaszap et al (9) describe poor outcomes of the Moje thumb carpometacarpal joint 
arthroplasty. In 83% of the cases migration was seen in at least one component of the 
implant on radiographs, and in 92% tilting of the prosthesis. Pain was one of the most 
invalidating factors. The exact mechanism of failure is not clear, but the mechanical char-
acteristics of the implant, its surface properties, and the geometrical design need to be 
considered. As an example the circular design of the stem could potentiate the risk of 
rotational shift. Hansen et al (5) describe the same outcomes, and pointed out the high 
loosening rate of the Moje Prosthesis.
 James et al (7) describe a Hemiarthroplasty for treatment of trapeziometacarpal 
osteoarthritis with good results. Although the methodological quality is not optimal, but 
pain relief was significantly changed and improved function was measured using the 
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Buck-Gramcko score. Also survivorship analysis found 94% of these prosthesis were 
functional at mean follow-up of 72.1 months.
 Considering the literature on the arthroplasty for treatment of the trapeziometa-
carpal joint, the hemiarthroplasty might have better results but are less stable and might 
fail due to progressing osteoarthritis of de trapezium. Our choice for the Nugrip 
arthroplasty was based on the fact that it is an hemiarthroplasty, made of Pyrocarbon.  
The Pyrocarbon resembles bone closely which might minimize osteointegration of the 
Trapezium. By making a ball and socket stability is added. By close follow-up in the future 
we will investigate the hypothesis. Care must be take in patients with instability and 
proper placement is essential.

Due to the lack of high quality methodological research on the use of total joint prothesis 
and hemiarthroplasty in advanced stages of OA is necessary, RCT’s of prostheses compared 
to trapiezectomy, mentioned in the reviews as one of the best treatments, with long 
follow-up. Vermeulen et al also suggests that, due to the small differences in techniques, 
researchers should focus on developing more sensitive outcome measures that are 
indicative of the specific changes in hand function after CMC OA.
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Osteoarthritis 

Osteoarthritis can be idiopathic, caused by inflammatory disease, posttraumatic, the result 
of avascular necrosis of one of the carpal bones or congenital.
 In all cases normal carpal biomechanics are disturbed, either by disturbance of the 
joint surface or by instability of the ligaments. Prevention of further deterioration in early 
stages is aimed at restoring the normal biomechanics, by means of correction of malunion, 
restoring ligaments or improving vascularity. If the patient is seen at a later stage or in case 
treatment has failed, a salvage procedure can be an option

Rheumatoid Arthritis 

As an inflammatory disease, rheumatoid arthritis of the wrist often starts with synovitis of 
the joint that leads to laxity of the ligaments. Backdahl claims that the instability starts with 
the caput ulnae syndrome1. The caput ulnae syndrome is a complex of synovial swelling 
with dorsalisation and instability of the caput ulna in rheumatoid arthritis which leads to 
reduced strength and painful pro- and supination2. Tenosynovitis in the Extensor Carpi 
Ulnaris (ECU) leads to an elongation of the tendon. The balance with the Extensor Carpi 
Radialis Longus (ECRL) gets disturbed which leads to radial deviation of the carpus. 
Following the chain of Landsmeer3 and Shapiro4 this leads to ulnar drift of the fingers. In 
the meantime a destruction of the Scapholunate ligament leads to dissociation. This 
instability will result in a dislocation of the Lunate and the Capitate5. Treatment of 
rheumatoid arthritis of the wrist mainly depends on the stage of the disease and whether 
there is instability or not. In Chapter 2 a literature study is described on radiocarpal and 
midcarpal instability in rheumatoid arthritis. The most important findings were: on a 
standard AP radiograph deformity can be measured using the carpal height and the ulnar 
translation index of Chamay. This gives an indication for instability. For describing the 
deterioration of the joints the Larsen score is most used. If there are more radiographs in 
time the Simmen classification can be used. For real assessment of instability dynamic 
radiographs are needed. The treatment for instability is dependent of the severity of 
destruction.
 For quantifying wrist instability, several classifications and measures were developed. 
They are based either on degenerative changes of the joints seen on the X-ray6, or on 
measurements on the X-ray to prove degenerative changes or instability7–13.  Simmen and 
Huber use the changes seen on the X-rays of the hand at various points in time to 
determine instability14. The problem with these classifications and measurements is that 
they are based on static X-rays where instability is a dynamic process that takes place in 3 
dimensions. In 2015 Sulkers et al.15 validated the cineradiography for Scapholunate 
dissociation. This could also be a good option for diagnosing instability of the wrist in 
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rheumatoid arthritis, although it is observer dependent and is not quantifiable.  Foumani 
et al. 16–19 and Carelsen et al.16–19 described the measurement of the 3D carpal kinematics  
in vivo. Future research will prove whether the applied method is also applicable to wrists 
with rheumatoid arthritis.
 Early treatment of the functional consequences of rheumatoid arthritis of the wrist 
should intervene somewhere early in the process of the disease. In the very early phase 
the disease-modifying anti rheumatic drugs can prevent the onset of the caput ulnae 
syndrome. If the process already has started, operative treatment can be an option. The 
first operative to be considered in the early phase of the disease is synovectomy and ulnar 
head resection. One can perform total resection of the ulnar head after Darrach20–22,  
a hemiresection with tendon interposition after Bowers21,23,or a matched hemi resection 
after Watson21,24. Nowadays it is advised to replace the ulnar head instead of resection 
alone25 The question is whether these interventions are also applicable to rheumatoid 
arthritis. The only series in literature are of the total distal radial ulnar joint prosthesis is that 
by Scheker with only limited follow up26. This however is a total distal radio ulnar joint 
replacement. If one performs a literature search in PubMed with: “ulnar head replacement 
AND rheumatoid arthritis” for the last 10 years only 3 studies can be found,  two of them 
with the Scheker prosthesis26,27 and only one with a hemi ulnar head replacement28. In 
the study of Warwick however, the rheumatoid arthritis patients cannot be analysed 
separately. So for patients with rheumatoid arthritis it is still unclear what the best option 
is for a caput ulnae syndrome. The current evidence is inconclusive. In my opinion an ulnar 
head resection is still a good option with a good predictable outcome in patients with 
rheumatoid arthritis possible because most of the patients can be considered as low 
demand. A prospective clinical trial is required to prove this. 

In Chapter 3 the DASH questionnaire was validated for use with patients with rheumatoid 
arthritis29.  In the western world public health organizations become more and more 
focussed on measuring outcome of treatment modalities. In literature, outcome in 
patients with rheumatoid arthritis are commonly measured with general questionnaires 
like DAS28 (disease activity score)30 and the AIMS2 (arthritis impact measurement scales 
health status questionnaire)31.   In literature on patients with degenerative wrist disease 
outcome of surgery the DASH(disability of arm, shoulder and hand)32  is mostly used. The 
most important findings of this validation study were: A good correlation was found 
between the DASH and the DAS28, the Health assessment questionnaire, the physical 
component of the Short Form-36, the physical component of the AIMS2 and the VAS for 
pain of the dominant arm. However, there was a low correlation with the Jamar grip 
strength. As based in the outcome of the study the DASH can be used for evaluation of 
patient groups for scientific goals. It has also been tested for evaluation of surgical 
procedures. A 10 point difference has been shown to be the minimal important change33. 

The question arises if this questionnaire can be used for comparing results in outcome of 
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individual patients for public health organizations. For clinical en economic evaluation the 
health organizations use the EQ-5D. The EQ5D is a standardised measure of health status 
developed by EuroQol Group in order to provide a generic measure of health for clinical 
and economic appraisal34.  It would be interesting to see if the DASH and the EQ-5D can 
measure the same difference after surgery.

If the balance between the ECU and the ECRL is disturbed one could think of a tendon 
transfer. If there is a destruction of the scapholunate ligament, then stabilizing procedures 
are necessary.  In Chapter 4 and 5 we describe the outcome of radiolunate and the radio-
scapholunate arthrodesis and we could demonstrate that those areat this point a good 
options, because it stabilizes the wrist and preserves motion. This is in agreement with 
current literature35 and in the article by Borisch and Jacob the surgeon is even encouraged 
to use the radiolunate arthrodesis in posttraumatic cases36. After this partial arthrodesis, 
the wrist moves at the level of the midcarpal joint. As shown in our study the range of 
motion even improves after the radiolunate arthrodesis. This can be explained by the fact 
that the patients have less pain because of the synovectomy and the stabilization. On the 
long term the degenerative changes progress, although the patients are still satisfied37,38.  
In the case that the midcarpal joint is also destructed only a total wrist arthrodesis or joint 
arthroplasty can be performed. The latter is not advised in the rheumatoid instable wrist  
because the results in literature are poor with revisions rate up to 50% at 5 yeaŕ s followup39.  
This is based on only one study. It is questionable that more studies with the same 
arthroplasty will follow.  

Kienböck

Progression of Kienböck’s disease can lead to osteoarthritis and instability of the wrist. 
Treatment should be aimed at prevention or further deterioration just like in rheumatoid 
arthritis. On the other hand, unlike rheumatoid arthritis, Kienböck’s disease can be reversible  
in the very early stage when performing a revascularization procedure40,41. For better 
staging the MRI scan is used on which ischaemic changes can be seen42. When the 
diagnose is made, treatment should be aimed at unloading the lunate and revascularizating  
this bone. In Chapter 6 the very long term results (average 22 years) are described of the 
distal radius shortening osteotomy of patients with Kienböck’s disease with an ulnar 
minus. Grip strength was on average 90% of the unaffected side. The average visual 
analogue scale score for pain was 2.4 and the average Disabilities of the Arm, Shoulder, 
and Hand score was 14 at latest follow-up. In eight patients, the Lichtman classification of 
Kienböck’s disease did not change at follow-up, but in three patients there was 
radiographic progression of the disease, which occurred during the first 10 years post-
operatively, but it did not deteriorate further after 10 years. In conclusion, the good long 
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term results of the radial shortening osteotomy were considered to be good in patients 
with a negative ulna variance with good subjective patient scores, although with some 
progression of the deterioration43. Comparing these results with literature shows that the 
osteotomy still has it is place. In patients with negative ulnar variance in the early stages 
1-3a, radial osteotomy is the best option and it can be combined with a vascularized bone 
graft44. If there is a neutral ulna, capitate shortening, capitate-hamate fusion45 or distal 
capitate shortening with capitometacarpal fusion46  are the options. Salvage procedures 
remain for the later stages of the disease. Possible salvage procedures are: partial wrist 
fusion (e.g. Scaphocapitate fusion, scaphotrapeziotrapezoid fusion, Radioscapholunate 
fusion with resection of the distal pole of the scaphoid and removal of the triquetrum47) 
and proximal row carpectomy48 The results of the proximal row technique however are 
worse under the age of 35 than over this age.  The age group of Kienböck’s disease is 
between 20 and 40. Total wrist fusion is always an option but the wrist motion is sacrificed. 
Wrist arthroplasty is not a real option because of the young age group and the low survival  
rates in the long term. Based on the systematic review performed by Innes and Strauch in 
2010, it must be concluded that none of the above described treatments is superior to 
another for Kienböck’s disease49. Because of the low incidence of the Kienböck’s disease, 
maybe a multicentre randomized trial good give an answer in what is the best surgical 
option.

Osteoarthritis of the Thumb- Trapeziometacarpal 
osteoarthritis

The clinical symptoms in patients with osteoarthritis of the trapeziometacarpal joint do 
not necessarily correspond with deformities seen on the X-ray. So treatment should be 
aimed at the clinical symptoms of the patients. It is generally accepted to start with 
conservative treatment. With a commercially available splint one tries to relief the pain 50. 
If the splint does not reduce the pain enough, one can give the patient an ultrasound 
guided intra-articular injection with corticosteroids or hyaluronic acid51 Hyaluronic acid 
gives a prolonged effect compared to corticosteroids, but in the Netherlands it is not 
covered by the standard health insurance.
 If conservative treatment is still unsuccessful a surgeon has many surgical options. 
The surgical options can be grouped in 4 strategies, i.e. first ligament reconstruction, 
second partial or total trapeziectomy with or without the combination with interposition 
(tendon or artificial), third arthrodesis, fourth arthroplasty. 
 In Chapter 7  the long term results are described of 3 different surgical options52. The 
study compared the resection arthroplasty (n=18), trapeziectomy with tendon 
interposition (n=17) and trapezio-metacarpal arthrodesis (n=28). No difference between 
the three groups was found for the visual analogue pain and satisfaction scale, pain 



135

GENERAL DISCUSSION

9

frequency nor DASH score. Patients in the trapeziectomy group had less pain compared 
to the arthrodesis group. Radial abduction was significantly better after trapeziectomy 
compared to resection arthroplasty or arthrodesis. There was no difference in the three 
groups in grip and tip pinch strength nor in pain on palpation. None of the patients in the 
trapeziectomy group needed a re-operation, one patient in the resection arthroplasty 
group had a re-operation, and 22 patients in the arthrodesis group had one or more 
re-operations for hardware removal or because of a complication. This study shows that 
the resection arthroplasty has equally good long term results compared to trapeziectomy 
combined with tendon interposition or arthrodesis. Resection arthroplasty is performed 
through a single incision and is technically simple (figure 1). In our clinic resection 
arthroplasty is therefore the preferred technique for the treatment of osteoarthritis of the 
trapeziometacarpal joint. The idea behind this simple resection is based on the experience 
that a non-union of the arthrodesis of the trapeziometacarpal joint did not result in a poor 
outcome. So with the simple resection a non-painful non-union is aimed for. 

In 2012 Rubino 53 published the same technique calling it a novel technique, however the 
principle is the same: the goal is to make a non-painful non-union. The difference between  
the technique of Rubino and our technique is that we do not use k-wires. Instead we  
use a short splint for 2 weeks. And we use SpongostanTM (Ferrosan Medical Devices A/S, 
Søborg, Denmark) to fil the gap. The reason for this is to have a temporary spacer to 
maintain distance between the trapezium and the metacarpal bone. 
 The Cochrane database update in 2015 by Wajon54 concludes that none of the 
surgical procures is better to another, but tendon trapeziectomy with ligament 
reconstruction and tendon interposition LRTI and Trapeziometacarpal arthrodesis have 
more complications. For this reason resection arthroplasty, the simplest procedure with 
the least complications, is probably the best choice. In the case of an Eaton stage 4 
osteoarthritis (with involvement of the scaphotrapezotrapezoidal joint)  a trapeziectomy 
also without tendon interposition can best be performed. In literature there are no studies 
with proven better results when using k-wire immobilization. Aftertreatment is with  
2 weeks of cast immobilisation. After that, early mobilization is started as advised in the 
study of Horlock55. 
 In literature there are also some reviews with varying results on arthroplasty of the 
trapeziometacarpal joint56,57. The review by Vermeulen et al57 conclude that Silastic 
implants are not justified and that total joint arthroplasty might be a good option. 
However de Smet et al.58 concluded that there was no difference in outcome that justified 
the arthroplasty over trapeziectomy considering the costs. In literature there are reports 
with different outcome on hemi arthroplasty. The study of Woodward et al.59 describes 
good short term results the Pyrocarbon saddle and hemispheric implant. The Pyrocarbon 
hemi arthroplasty study by Mariconda et al. 60 with a mean follow up of 34 months 
reported a failure rate of 16% and 10 out of 49 implants subluxated. Pritchett et al.61 
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describe also good short term results of a metal stemmed modular hemi arthroplasty. The 
5 year results of the Pyrodisc reported by Barrera-Ochoa62 showed also no superiority to 
trapeziectomy as reported in literature. Chapter 8 describes the term results of the Nugrip 
TM Pyrocarbon hemiarthroplasty with an average follow up of 9.5 months. The NugripTM is 
made of Pyrocarbon and the stem is placed in the metacarpal, for the ball a socket is 
reamed in the trapezium. The benefit of this arthroplasty should be the preservation of 
the thumb length and its stability resulting in a better outcome. A good outcome was 
found. However, in the ten patients, three needed a re-intervention.  The pyrocarbon 
hemiarthroplasty is reserved for the very young patients that need to have very secure 
small movements in the thumb for instance a pilot or a musician playing the violin. It is not 
advised to use this as a standard procedure because there are more complications.  
However if the patient has no complications the results are very good63. In the case of a 
failure one can simply remove the hemiarthroplasty with still good results.

Conclusions

If conservative treatment of degenerative changes in the carpus fails, surgery can be 
considered. The surgical options to be considered are restoring the balance in an attempt 
to stop the disease, or sacrificing the joint by means of an arthrodesis or replacement of 
the joint.
 In patients with rheumatoid arthritis and instability in the early stages, the radiolunate 
or radioscapholunate arthrodesis is still the best option. It stabilizes the wrist, reduces the 
pain and improves the function.  Maybe in the future, if the outcome of the wrist 
arthroplasty improves, this can also be an option. Further research on this subject should 
be done.
 The degenerative changes in the early stages of Kienböck’s disease can be treated 
with radial shortening osteotomy in the case of an ulnar minus. However, considering 
literature, none of the current treatments is superior to another. Because of the low 
incidence, only a multicentre study can answer the question which procedure is the best 
option.
 The best treatment modality for the osteoarthritis of the trapeziometacarpal joint 
cannot be defined. Based on literature, partial or total trapeziectomy with or without 
ligament reconstruction and tendon interposition have equally good results. The most 
simple procedure with the least chance on adverse events will be the partial trapeziectomy 
for stage I-III and total trapeziectomy for stage IV. Better short term results can be achieved 
with arthroplasty, but at a higher cost, with more complications and a lower survival rate. 
Maybe by improving the results of the arthroplasty, the long-term outcome can be 
improved. Further studies in this area are required.
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Chapter 1 – Introduction

The anatomy and functional biomechanics of the carpus are complex. The carpus 
consisting of 8 bones with multiple articulations, a complex arrangement of capsular 
structures and tendons crossing the joints allows for a broad range of stable function of 
the hand relative to the forearm. Arthritic changes seriously affects function, whereby the 
complexity of the carpus hampers diagnosis and treatment.
 Arthritis can be idiopathic or caused by inflammatory disease (for instance rheumatoid 
arthritis), posttraumatic, congenital, or as a resultant of avascular necrosis of one of the 
carpal bones  The common factor in all these causes is that the normal biomechanics are 
disturbed, either by disturbance of the joint surface or by instability of the ligaments. 
Prevention of further deterioration in the early stages is aimed at restoring the normal 
biomechanics; correction malunion, restoring ligaments, improving vascularity. If the 
patient is seen at a later stage or early treatment has failed salvage procedures can be an 
option, but they sacrifice or replace part of the joints.
 In part 1 is described how according to literature, rheumatoid arthritis leads to 
instability which results in a destruction of the wrist, how it is diagnosed and what the 
treatment options are(chapter 2). Further it is demonstrated that the DASH can be used in 
rheumatoid arthritis (chapter 3) and that the radio-scapholunate arthrodesis is a good 
option in rheumatoid arthritis of the wrist (chapter 4 and 5).
 In part 2 the outcome is described of the radial shortening osteotomy for Kienböck’s 
disease, which is also a cause of joint degeneration through osteonecrosis of the lunate 
(chapter 6). Osteoarthritis of the trapeziometacarpal joint which is most often idiopathic 
can be treated with simple resection as shown in Chapter 7. The short term outcome as 
well as the pitfalls when using the Nugrip CMC implant as an alternative to simple 
resection are described in Chapter 8.

Part I Rheumatoid arthritis

Chapter 2 –  Radiocarpal and Midcarpal instability in rheumatoid 
patients, a systematic review

This study was aimed at identifying the criteria for the diagnosis of Radiocarpal instability 
in rheumatoid arthritis (A) by performing a systematic review. The main databases were 
searched to identify studies describing the pathophysiology of Radiocarpal instability in 
patients with RA. We focussed on the epidemiology, radiographic parameters, criteria for 
instability and on treatment options. In the search 108 articles were found. Of these, 12 
studies were included for this review. Instability occurs in at an average of 35.2% of the 
rheumatoid wrists. The instability was found between 8 and 13 years after onset of 
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rheumatoid arthritis. A strong correlation was found between instability, duration of RA 
and Larsen score. Several radiographic methods were described to evaluate Radiocarpal 
instability in RA. Several treatment options for instability in patients with RA are described. 
All with their own indications and limitations.

Conclusion
On a standard AP radiograph deformity can be measured using the carpal height and the 
ulnar translation index of Chamay. This gives an indication for instability. For describing 
the deterioration of the joints the Larsen score is most used. If there are more radiographs 
in time the Simmen classification can be used. For real assessment of instability dynamic 
radiographs are needed.

Chapter 3 –  Construct validity and reliability of the disability of arm, 
shoulder and hand questionnaire for upper extremity 
complaints in rheumatoid arthritis

The Disability of Arm, Shoulder and Hand (DASH) questionnaire is a tool for measuring 
physical function and symptoms of the upper extremity. Although widely used, it is not 
validated for rheumatoid arthritis (RA). In this study the DASH was validated for this patient 
group. In total, 102 patients participated in this study. For the validation, the questionnaires 
of the DASH, the Health Assessment Questionnaire (HAQ), the Medical Outcomes Study 
Short Form-36 (SF-36), and the Arthritis Impact Measurement Scale (AIMS2) were used. 
Patients were examined clinically before completing the questionnaires. Pain was scored 
by each patient using a visual analog scale (VAS). The Disease Activity Score (DAS28) was 
obtained and grip strength was measured. Reliability was tested by a second DASH 
questionnaire after 2 days. Validity was tested using a Pearson correlation analysis for the 
relevant domains of the questionnaires and for the clinical aspects. The reliability of the 
DASH was excellent (intraclass correlation coefficient 0.97). Internal consistency was strong 
(Cronbach’s alpha 0.97). Validity was proven with excellent results for Pearson correlation 
with the relevant domains of the questionnaires: HAQ, r = 0.88; SF-36, r = 0.70; and AIMS2, 
r = 0.85. The clinical scores had a relatively low correlation with the DASH (DAS28, r = 0.42; 
and grip strength, r = 0.41-0.48), except for the VAS (r = 0.60-0.65).

Conclusion
The DASH is a reliable and valid questionnaire in patients with RA. It can be used as a 
measurement tool of physical disability of the upper extremity.
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Chapter 4 –  Radiolunate arthrodesis: A procedure for stabilising and 
preserving mobility in the arthritic wrist

The medium term results for radiolunate and radioscapholunate arthrodesis for patients 
with rheumatoid or psoriatic arthritis were evaluated, for there outcome. An arthrodesis of 
the radiolunate joint was performed in 46 wrists (38 patients) for pain and ulnar translation 
of the carpus because of rheumatoid (42 wrists) or psoriatic arthritis (4 wrists). At follow-up, 
three patients had died and in three (1 bilateral) an additional midcarpal arthrodesis was 
performed. The remaining 32 patients (39 wrists) were evaluated after a mean of five years. 
The clinical results were good with a mean visual analogue score of 8.3 for pain, 7.2 for 
hand function and 9 for overall satisfaction all on a scale of 0 (extremely bad) to 10 
(extremely good). Except for palmar flexion, mobility was equal to or better than before 
operation. Radiologically, however there was deterioration of the midcarpal joint with an 
increase in the Larsen score from 1.8 to 2.7 (p < 0.001) on a scale from 0 to 5, some decrease 
in carpal height and recurrence of carpal translation. 

Conclusion
Radiolunate arthrodesis gives good clinical results at five years follow-up although there is 
some radiologically observed deterioration.

Chapter 5 –  Radiolunate and radioscapholunate arthrodeses  
as treatments for rheumatoid and psoriatic arthritis: 
long-term follow-up

The long-term results for radiolunate and radioscapholunate arthrodeses for patients with 
rheumatoid or psoriatic arthritis were evaluated to determine the durability and efficacy 
of the procedures. The results are described and compared with those reported in the 
literature. An arthrodesis was carried out of the radiolunate joint (33 wrists) and the radios-
capholunate joint (13 wrists) to achieve pain reduction and ulnar translation of the carpus 
in patients with rheumatoid (42 wrists) or psoriatic arthritis (4 wrists). At follow-up, 11 
patients (13 wrists) had died, 2 patients (4 wrists) were lost to follow-up, and in 6 wrists an 
additional midcarpal arthrodesis had been performed. The remaining 23 wrists (19 
radiolunate and 4 radioscapholunate, and 1 psoriatic arthritic wrist) were evaluated after a 
mean of 11 years. Clinical outcome was good, with a mean visual analog score of 2 out of 
10 for pain (0 extremely good; 10 extremely bad), mean grip strength of 13 kg, and mean 
range of flexion-extension of 60°. Outcomes as measured by questionnaires were good. 
Radiographs demonstrated deterioration of all intracarpal joints as noted by an increased 
Larsen score and evidence of carpal translation. No significant change in carpal height was 
noted.
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Conclusion
Despite radiographic progression, radiolunate and radioscapholunate arthrodeses yield 
good clinical results at long-term follow-up.

Part II  Degenerative wrist and trapeziometacarpal joint 

Chapter 6 –  Outcome of Kienböck’s disease 22 years after distal radius 
shortening osteotomy

Loading of the lunate in patients with Kienböck’s disease and a negative ulnar variance 
provide the rationale for a radial shortening osteotomy. This osteotomy decreases forces 
transmitted from the radius to the lunate. 12 patients with Kienböck’s disease who had 13 
radial shortening osteotomies were retrospectively reviewed to ascertain whether the 
reported short- and medium-term results endured in the long-term. Nine osteotomies in 
nine of the 12 patients were evaluated with a minimum of 16 years follow-up (average, 22 
years; range, 16-31 years). Three patients died and one was lost to follow-up. For the nine 
patients, the range of motion was impaired compared with the normal side. Grip strength 
was on average 90% of the unaffected side. The average visual analog scale score for  
pain was 2.4 on a scale from 0 to 10 and the average Disabilities of the Arm, Shoulder, and 
Hand score was 14 on a scale from 0 to 100 at latest follow-up. In eight patients, the 
Lichtman classification of Kienböck’s disease did not change at follow-up, but in three 
patients there was radiographic progression of the disease, which occurred during the first  
10 years postoperatively. The medium- and long-term results therefore were comparable. 
 Based on our study an literature, radial shortening is recommended in stable wrists 
(Stage 3A or less) with a negative ulnar variance. The radius should be shortened to the 
level of the ulna, normally 4 to 6 mm, after which stable (plate) fixation should be 
performed under compression.

Chapter 7 –  Long term results of surgical intervention for osteoarthritis 
of the trapeziometacarpal joint: comparison of resection 
arthroplasty, trapeziectomy with tendon interposition and 
trapezio-metacarpal arthrodesis

 

Trapeziometacarpal osteoarthritis is a common entity, often bilateral and predominantly 
affecting postmenopausal women. In the case of failure of conservative treatment, 
surgery is a good option. The aim of this study was to compare three surgical procedures, 
i.e. resection arthroplasty, trapeziectomy with tendon interposition and trapezio-meta-
carpal arthrodesis. 63 patients (74 thumbs) with osteoarthritis of the trapezio-metacarpal 
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joint were included; 54 patients were seen for follow-up, 7 had died and 2 were lost to 
follow-up. The patients were stratified according to treatment; resection arthroplasty (the 
joint surfaces of the metacarpal and the trapezium are resected) (18 thumbs), trapeziectomy 
with tendon interposition (17 thumbs) or trapezio-metacarpal arthrodesis (28 thumbs). 
Baseline characteristics were comparable in the three groups for mean age at operation, 
Eaton classification, left right distribution and dominant hands operated. The average 
follow-up was 13 years for the resection group, 8 years for the trapeziectomy group and 9 
years for the arthrodesis group. No statistically significant difference was found comparing 
the three groups with the entire group for the visual analogue pain score, satisfaction 
scale, pain frequency nor DASH score. After subgroup analysis  patients in the trapeziectomy 
group had significantly less pain compared to the arthrodesis group (p=0.025). Statistically, 
radial abduction was significantly better after trapeziectomy compared to resection 
arthroplasty (p<0.01) or arthrodesis (p=0.01). There was no difference among the three 
groups in grip and tip pinch strength nor in pain on palpation. None of the patients in the 
trapeziectomy group needed a re-operation, one patient in the resection arthroplasty 
group had a re-operation, and 22 patients in the arthrodesis group had one or more 
re-operations for hardware removal or because of a complication. 

Conclusion 
Resection arthroplasty has equally good long term results compared to trapeziectomy 
combined with tendon interposition or arthrodesis. Resection arthroplasty is performed 
through a single incision and is technically simple. Resection arthroplasty is therefore the 
preferred technique for the treatment of osteoarthritis of the trapeziometacarpal joint.

Chapter 8 –  Short Term Results Of The Ascension® Nugrip™ Cmc Implant 
For Thumb Carpometacarpal Osteoarthritis 

 
Osteoarthritis of the first carpometacarpal joint can cause pain, weakness and deformity 
resulting in marked disability. Different surgical treatments have been described and 
compared in previous studies. The short term outcomes of the Nugrip™ CMC Implant 
were evaluated. Ten patients with CMC-1 osteoarthritis were treated with the Nugrip™ 
CMC implant. Mean follow-up period was 9.5 months. For subjective assessment the 
Disabilities of the Arm, Shoulder, and Hand [DASH] questionnaire was used pre and 
postoperative. Pain was assessed using a visual analogue scale [VAS] pre and postoperative. 
Furthermore, patients were asked postoperative to judge satisfaction and functionality 
using a VAS [0=very satisfied; 10=not at all]. Postoperative objective assessment consisted 
of range of motion [ROM] of the thumb, tip pinch and handgrip strength. All measurements 
were compared with the contralateral side. Seven out of ten joints were placed in the 
dominant side. Three complications were observed; one dislocation needed additional 
soft tissue stabilization and re-implantation of a larger Nugrip prosthesis. A second patient 
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had a remaining symptomatic osteophyt, which needed resection. The third patient had 
implant malposition resulting in dysfunction and subsequent removal of the prosthesis. 
This patient was not assessed during the last follow up.
 The average score on the DASH pre- and postoperative was 41 and 23, respectively. 
The mean visual analogue score for pain was 6 and 3. VAS for postoperative functionality 
and satisfaction was 4 and 3, respectively [n=9].The average grip strength with the 
Jamar-meter [n=8] on the operated side was 18.4 kg, on the contralateral nonoperative 
side 22.7. Tip pinch strength using a pinch gauge was on the operated side 5.7 kg, on the 
contralateral side 6.4 kg. The radial abduction in the carpometacarpal joint [CMC-1] on the 
operated side was 49°, on the contralateral side 55°.

Conclusion
The short term results of the Nugrip™ CMC Implant are satisfactory however the procedure 
has some pitfalls. Instability is a contraindication and resection of osteophytes especially 
on the ulnar site is mandatory.

Chapter 9 - General discussion

If conservative treatment of degenerative changes in the carpus fails, surgery can be 
considered. The surgical options to be considered are restoring the balance in an attempt 
to stop the disease, or sacrificing the joint by means of an arthrodesis or replacement of 
the joint.
 In patients with rheumatoid arthritis and instability in the early stages, the radiolunate 
or radioscapholunate arthrodesis is still the best option. It stabilizes the wrist, reduces the 
pain and improves the function.  Maybe in the future, if the outcome of the wrist arthroplasty 
improves, this can also be an option. Further research on this subject should be done.
 The degenerative changes in the early stages of Kienböck’s disease can be treated 
with radial shortening osteotomy in the case of an ulnar minus. However, considering 
literature, none of the current treatments is superior to another. Because of the low 
incidence, only a multicentre study can answer the question which procedure is the best 
option.
 The best treatment modality for the osteoarthritis of the trapeziometacarpal joint 
cannot be defined. Based on literature, partial or total trapeziectomy with or without 
ligament reconstruction and tendon interposition have equally good results. The most 
simple procedure with the least chance on adverse events will be the partial trapeziectomy 
for stage I-III and total trapeziectomy for stage IV. Better short term results can be achieved 
with arthroplasty, but at a higher cost, with more complications and a lower survival rate. 
Maybe by improving the results of the arthroplasty, the long-term outcome can be 
improved. Further studies in this area are required.
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Hoofdstuk 1 - Inleiding

De pols heeft een complexe anatomie en biomechanische functie. De carpus bestaat uit 
8 botten die via multipele gewrichtsvlakken met elkaar in verbinding staan en in een 
complex geheel met kapsels en pezen zorgen voor stabiliteit en uitgebreide bewegings-
mogelijkheden van de hand ten opzichte van de onderarm. Degeneratieve afwijkingen 
kunnen leiden tot ernstige functiebeperking, terwijl de complexe structuur van de carpus 
diagnostiek en behandeling bemoeilijkt.
 Degeneratieve afwijkingen kunnen idiopathisch zijn of veroorzaakt worden door 
inflammatoire aandoeningen (zoals reumatoïde artritis), avasculaire botnecrose of congenitale 
of posttraumatische afwijkingen. De gemeenschappelijke factor in de etiologie van de 
degeneratieve afwijkingen is een verstoring van de biomechanica van het gewricht, hetzij 
door schade aan het gewrichtsoppervlak, hetzij door instabiliteit van de ligamenten. In 
een vroeg stadium van degeneratie kan getracht worden progressie te voorkomen door 
de normale biomechanica te herstellen: correctie van de standsafwijking, herstel van de 
ligamenten en verbetering van de vascularisatie. Bij gevorderde afwijkingen of falen van 
de primaire behandeling, kan een zogenaamde salvage procedure overwogen worden, 
waarbij het gewricht echter opgeofferd dan wel vervangen wordt.
 Het eerste deel van het proefschrift beschrijft hetgeen uit de literatuur bekend is over 
het proces waarin reumatoïde artritis leidt tot instabiliteit en daardoor tot destructie van 
de pols, de diagnostiek en de behandelingsmogelijkheden (hoofdstuk 2). Daarnaast 
wordt aangetoond dat de DASH gebruikt kan worden als diagnostisch instrument bij 
reumatoïde artritis (hoofdstuk 3) en dat de radio-scapho-lunaire artrodese een goede 
therapeutische optie is bij reumatoïde artritis van de pols (hoofdstuk 4 en 5).
 In het tweede deel worden de resultaten beschreven van de verkortingsosteotomie 
van de radius bij de ziekte van Kienböck, waarbij osteonecrose van het os lunatum leidt 
tot slijtage van het gewricht (hoofdstuk 6). Artrose van de duimbasis is meestal idiopathisch 
en kan behandeld worden met een simpele resectie, zoals getoond wordt in hoofdstuk 7. 
In hoofdstuk 8 worden de korte termijnresultaten en valkuilen beschreven van het gebruik 
van de Nugrip CMC prothese als alternatief voor de duimbasisresectie.

Deel 1 Reumatoïde artritis

Hoofdstuk 2 – Radiocarpale en midcarpale instabiliteit bij patiënten met 
reumatoïde artritis, een systematische review.

Het doel van deze studie was het opstellen van criteria voor de diagnose van radiocarpale 
instabiliteit bij reumatoïde artritis (RA) door middel van een systematische review. In 
databases werd gezocht naar studies die de pathofysiologie beschrijven van radiocarpale 
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instabiliteit bij patiënten met reumatoïde artritis. Van de 108 gevonden artikelen voldeden 
er 12 aan de inclusiecriteria. Uit deze artikelen blijkt dat bij gemiddeld 35.2% van de polsen 
die zijn aangedaan door reumatoïde artritis, instabiliteit ontstaat. Instabiliteit wordt 
aangetroffen 8 tot 13 jaar nadat de diagnose reumatoïde artritis gesteld is. Er bestaat een 
sterke correlatie tussen instabiliteit, duur van de RA en de Larsen score. Verscheidene 
radiologische methoden om de mate van radiocarpale instabiliteit bij RA te beoordelen, 
worden beschreven. Verschillende behandelingsmogelijkheden voor radiocarpale 
instabiliteit bij RA worden beschreven, elk met zijn eigen indicatie en beperkingen.

Conclusie
Op een standaard AP röntgenopname kan de carpale hoogte en de ulnaire translatie 
index van Chamay gemeten worden om de gewrichtsdeformatie mee weer te geven. Dit 
geeft een indicatie van de instabiliteit. Voor het beschrijven van de mate van gewrichts-
destructie wordt meestal de Larsen score gebruikt. Als er gedurende een bepaalde periode 
meerdere röntgenopnames gemaakt zijn, kan de Simmen classificatie worden gebruikt. 
Om de instabiliteit daadwerkelijk te kunnen beoordelen, zijn dynamische röntgenbeelden 
nodig.

Hoofdstuk 3 – Validiteit en betrouwbaarheid van de DASH vragenlijst 
voor klachten van de bovenste extremiteit bij reumatoïde artritis.

De ‘Disability of arm, shoulder and hand’ vragenlijst (DASH) is een meetinstrument voor 
de functie en klachten van de bovenste extremiteit. Hoewel de vragenlijst veel gebruikt 
wordt, is hij niet gevalideerd voor reumatoïde artritis (RA). In deze studie werd de DASH 
gevalideerd voor toepassing bij deze patiëntengroep. 102 patiënten met RA namen deel 
aan de studie. Voor de validatie werden vragenlijsten gebruikt van de DASH, de Health 
Assesment Questionnaire (HAQ), de Medical Outcomes Study Short Form-36 (SF-36) en de 
Arthritis Impact Measurement Scale (AIMS2). Voor het invullen van de vragenlijst, onder - 
gingen de patiënten een lichamelijk onderzoek. Door elke patiënt werd de ervaren pijn 
weergegeven in een score door middel van een Visual Analogue Scale (VAS). De Disease 
Activity Score (DAS28) werd bepaald en de knijpkracht werd gemeten. De betrouwbaar-
heid werd getest door na 2 dagen de DASH te herhalen. De validiteit werd getest met 
behulp van een Pearson correlatieanalyse voor de relevante domeinen van de vragenlijsten  
en voor de klinische onderdelen. De betrouwbaarheid van de DASH was uitstekend (Intra 
class correlatiecoëfficiënt 0.97). De interne consistentie was sterk (Cronbach’s alpha 0.97). 
De validiteit werd aangetoond, zoals blijkt uit de uitstekende resultaten bij de Pearson 
correlatieanalyse op de betreffende domeinen van de relevante vragenlijsten: HAQ, 
r=0,88; SF-36, r=0,70; en de AIMS2, r=0,85. De klinische scores hadden een relatief lage 
correlatie met de DASH (DAS28, r=0,42; knijpkracht, r=0,41-0,48), met uitzondering van de 
VAS (r=0,60-0,65).
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Conclusie
De DASH is een betrouwbaar en valide meetinstrument voor klachten van de bovenste 
extremiteit bij patiënten met RA.

Hoofdstuk 4 – De radiolunaire artrodese: een ingreep om de pols te 
stabiliseren met behoud van beweeglijkheid bij reumatoïde artritis.

De middellange termijnresultaten van de radiolunaire en radioscapholunaire artrodese bij 
patiënten met reumatoïde artritis (RA) of artritis psoriatica werden geëvalueerd. Bij 46 
polsen (38 patiënten) werd een artrodese van het radiolunaire gewricht uitgevoerd 
wegens pijn en ulnaire translatie van de carpus, veroorzaakt door RA (42 polsen) of artritis 
psoriatica (4 polsen). Bij follow-up waren 3 patiënten overleden en was bij 3 andere 
patiënten een additionele midcarpale artrodese uitgevoerd (1 bilateraal). De resterende 
32 patiënten (39 polsen) werden gemiddeld 5 jaar na de operatie beoordeeld. De klinische 
resultaten waren goed met een gemiddelde Visual Analogue Scale (VAS)-score van 8,3 
voor pijn, 7,2 voor handfunctie en 9 voor algemene tevredenheid op een schaal van 0 
(uitermate slecht) tot 10 (uitermate goed). Met uitzondering van de palmaire flexie, was de 
beweeglijkheid gelijk aan of beter dan voor de operatie. Radiologisch was er echter een 
toename van de afwijkingen in het midcarpale gewricht met een stijging van de 
gemiddelde Larsen score van 1,8 naar 2,7 (p<0.001) op een schaal van 0 tot 5. Daarnaast 
was er een geringe afname van de carpale hoogte en recidief van de carpale translatie.

Conclusie
De klinische resultaten van de radiolunaire artrodese na 5 jaar zijn goed, ondanks een 
geringe toename van de radiologische afwijkingen.

Hoofdstuk 5 – Radiolunaire en radioscapholunaire artrodese als 
behandeling voor reumatoïde artritis en artritis psoriatica: lange termijn 
follow-up.

De lange termijn-resultaten van de radiolunaire en radioscapholunaire artrodese bij 
patiënten met reumatoïde artritis (RA) of artritis psoriatica werden geëvalueerd om te 
bepalen of het beoogde resultaat behaald was en stand had gehouden. De resultaten 
werden beschreven en vergeleken met de resultaten uit de literatuur. Bij patiënten met RA 
(42 polsen) of artritis psoriatica (4 polsen) werd een radiolunaire (33 polsen) of 
radioscapholunaire (13 polsen) artrodese verricht om de pijn te verminderen en de carpale 
translatie te herstellen. Bij follow-up waren 11 patiënten (13 polsen) overleden, 2 patiënten 
(4 polsen) werden niet achterhaald en bij 6 polsen was een additionele midcarpale 
artrodese verricht. De resterende 23 polsen (22 met RA en 1 met artritis psoriatica;  
19 radiolunaire en 4 radioscapholunaire artrodese) werden gemiddeld 11 jaar na de 
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operatie beoordeeld. De klinische resultaten waren goed, met een gemiddelde VAS 
(Visual Analogue Scale)-score voor pijn van 2 op een schaal van 0 (geen pijn) tot 10 
(extreem veel pijn), een gemiddelde knijpkracht van 13 kg en een gemiddelde flexie/
extensie van 60 °. Ook de resultaten die gemeten werden door middel van vragenlijsten 
waren goed. Bij radiologisch onderzoek bleek uit de carpale translatie en een stijging  
van de Larsen score, een toename van de afwijkingen in alle gewrichten van de carpus.  
Er werd geen significante verandering van de carpale hoogte gemeten.

Conclusie
Radiolunaire en radioscapholunaire artrodese leveren goede klinische resultaten op bij 
lange termijn follow-up, hoewel er in radiologisch opzicht progressie van de afwijkingen 
optreedt.

Deel II   Degeneratieve afwijkingen in de pols en het 
trapeziometacarpale gewricht

Hoofdstuk 6 – Resultaten 22 jaar na distale radiusverkorting bij de ziekte 
van Kienböck.

Vanwege de krachtsverdeling in de pols, is een radiusverkortingsosteotomie een logische 
keuze bij patiënten met de ziekte van Kienböck en een ulna minus. Deze osteotomie 
vermindert de krachten die van de radius overgedragen worden op het os lunatum.  
In een retrospectief onderzoek werd bij 12 patiënten met de ziekte van Kienböck (13 radius-
verkortingsosteotomieën), geëvalueerd of de beschreven korte en middellange termijn-
resultaten standhielden op de lange termijn. Bij 9 patiënten (9 osteotomieën) werd een 
follow-up gedaan minimaal 16 jaar na de operatie (gemiddelde 22 jaar; spreiding 16-31 
jaar). 3 patiënten waren overleden en 1 patiënt kon niet bereikt worden voor follow-up.  
Bij de 9 patiënten die werden onderzocht, was de beweeglijkheid van de pols verminderd 
ten opzichte van de niet aangedane zijde. De knijpkracht was gemiddeld 90% van de 
knijpkracht van de niet aangedane zijde. De gemiddelde VAS (Visual Analogue Scale) 
score voor pijn was 2,4 op een schaal van 0 (geen pijn) tot 10 (extreem veel pijn).  
De gemiddelde score voor Disabilities of the Arm, Shoulder and Hand was 14 op een 
schaal van 0 tot 100. Bij follow up was de Lichtman classificatie voor de ziekte van Kienböck 
bij 8 patiënten onveranderd. Bij 3 patiënten werd echter een radiologische progressie van de 
aandoening geconstateerd, die optrad tijdens de eerste 10 jaar na de operatie. De resultaten  
op de middellange en lange termijn waren dientengevolge vergelijkbaar.
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Conclusie
Op basis van onze studie en op basis van de literatuur, wordt de radiusverkortingsosteo-
tomie aanbevolen voor stabiele polsen (stadium 3A of lager) met een ulna minus. De 
radius moet verkort worden tot het niveau van de ulna (gebruikelijke verkorting 4-6 mm) 
en gefixeerd worden met een stabiele, onder compressie geplaatste plaat.

Hoofdstuk 7 - Lange termijnresultaten van de chirurgische behandeling 
van artrose van het trapeziometacarpale gewricht: vergelijk van resectie 
artroplastiek, trapeziectomie met peesinterpositie en trapeziometacarpale 
artrodese.

Trapeziometacarpale artrose komt veel voor, is vaak bilateraal en treft meestal postmeno-
pauzale vrouwen. Indien conservatieve behandeling faalt, is chirurgische interventie een 
goed alternatief. Het doel van deze studie was het vergelijken van 3 operatieve behandel-
methoden: resectie artroplastiek, trapeziectomie met peesinterpositie en trapeziometa-
carpale artrodese. 63 Patiënten (74 duimen) met artrose van het trapeziometacarpale 
gewricht werden geïncludeerd, van wie er 54 werden beoordeeld in de follow up. 7 
Patiënten waren overleden en 2 patiënten konden niet worden achterhaald. De patiënten 
werden verdeeld over 3 groepen op basis van de behandelmethode: resectie artroplastiek 
(resectie van de gewrichtsoppervlakken van het os metacarpale en het os trapezium)(18 
duimen), trapeziectomie met peesinterpositie (17 duimen) en trapeziometacarpale 
artrodese (28 duimen). De 3 groepen verschilden onderling niet significant met betrekking 
tot de gemiddelde leeftijd bij operatie, Eaton classificatie, links/rechts-verdeling en 
percentage dominante handen. Follow up vond plaats na gemiddeld 13 jaar in de resectie-
groep, 8 jaar in de trapeziectomie-groep en 9 jaar in de artrodese-groep. Bij vergelijking 
van de 3 groepen met de totale groep werd geen significant verschil gevonden in score 
bij vragenlijsten met betrekking tot pijn (Visual Analogue Scale), tevredenheid, 
pijnfrequentie en functie (DASH). Na subgroepanalyse bleek echter dat patiënten in de 
trapeziectomie-groep significant minder pijn rapporteerden dan patiënten in de 
artrodese- groep (p=0,025). De radiaire abductie was significant beter na trapeziectomie 
dan na resectie artroplastiek (p<0,01) of artrodese (p=0,01). Er was geen verschil tussen de 
groepen met betrekking tot kracht bij knijpen of pincetgreep en pijn bij palpatie. In de 
trapeziectomie-groep werden geen re-operaties verricht. In de resectie artroplastiek- 
groep onderging 1 patiënt een re-operatie en in de artrodese-groep werden 22 patiënten  
1 of meerdere keren opnieuw geopereerd voor het verwijderen van osteosynthesemateriaal  
of vanwege een complicatie.

Conclusie
De lange termijnresultaten van de resectie artroplastiek zijn vergelijkbaar met die van de 
trapeziectomie met peesinterpositie en trapeziometacarpale artrodese. Een resectie 
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artroplastiek is technisch eenvoudig en wordt verricht door een enkele incisie. Resectie 
artroplastiek verdient daarom de voorkeur bij chirurgische behandeling van artrose van 
het trapeziometacarpale gewricht.

Hoofdstuk 8 – Korte termijnresultaten van de Ascension® Nugrip™ CMC 
prothese voor trapeziometacarpale artrose.

Artrose van het trapeziometacarpale gewricht kan leiden tot pijn, zwakte en deformiteit 
en daardoor aanzienlijke beperkingen veroorzaken. In voorgaande studies zijn diverse 
chirurgische behandelmethoden beschreven en onderling vergeleken. De korte termijn-
resultaten van de Ascension® Nugrip™ CMC prothese werden geëvalueerd bij 10 patiënten 
met CMC-1 artrose. Follow up vond plaats gemiddeld 9,5 maand na operatie. Voor een 
subjectieve beoordeling van de functie werd pre- en postoperatief de Disabilities of the 
Arm, Shoulder and hand (DASH)-vragenlijst gebruikt. De mate van pijn werd pre- en 
postoperatief beoordeeld met behulp van een Visual Analogue Scale (VAS). Daarnaast 
werd aan patiënten gevraagd om postoperatief hun tevredenheid en functioneren te 
beoordelen met behulp van een VAS met een score tussen 0 (uitermate tevreden/goed) 
en 10 (uitermate ontevreden/slecht). Voor een objectieve beoordeling van de functie 
werden postoperatief de beweeglijkheid van de duim gemeten en de kracht bij de 
pincetgreep en bij knijpen. De metingen werden vergeleken met de contralaterale zijde. 
7 van de 10 protheses werden aan de dominante zijde geplaatst. Bij 3 operaties ontstond 
een complicatie. Bij 1 patiënt werd wegens luxatie van de prothese een weke delenrecon-
structie verricht en een grotere Nugrip™ prothese geplaatst. Bij een tweede patiënt vond 
een resectie plaats van een resterende symptomatische osteofyt. Bij de derde patiënt 
werd de prothese verwijderd wegens dysfunctie door malpositie. Deze patiënt werd 
uitgesloten van follow up. De gemiddelde DASH score was preoperatief 41 en postoperatief 23. 
De gemiddelde VAS voor de pijn was 6 preoperatief en 3 postoperatief. De tevredenheids 
en functionerings VAS postoperatief was 4 en 3 respectievelijk (N=9). De gemiddelde 
knijpkracht met de Jamar meter aan de geopereerde zijde was 18,4 kg en aan de 
contralaterale zijde 22,7 kg (n=8). De pincetgreepkracht was aan de geopereerde zijde  
5,7 kg en aan de contralaterale zijde 6,4 kg. De radiair abductie in het trapeziometacarpale 
gewricht aan de geopereerde zijde was 49°, aan de contralaterale zijde 55°.

Conclusie
De korte termijn resultaten van de Nugrip™ CMC prothese zijn bevredigend echter de 
procedure heeft wel een aantal valkuilen. Instabiliteit is een contra-indicatie en resectie 
van de osteophyten moet verricht worden, met name aan de ulnaire zijde.
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Hoofdstuk 9 – Algemene discussie

Als conservatieve behandeling van degeneratieve veranderingen in de carpus falen kan 
men een chirurgische behandeling overwegen. De chirurgische opties die men kan over- 
wegen herstellen de balans in een poging de ziekte te stoppen, of het gewricht wordt 
opgeofferd doormiddel van een artrodese of het wordt vervangen door een prothese.
 De DASH is een betrouwbaar en valide meetinstrument voor klachten van de bovenste 
extremiteit bij patiënten met RA. 
 Bij patiënten in een vroeg stadium van reumatoïde artritis en instabiliteit van de pols 
is de radiolunaire of de radioscapholunaire artrodese nog steeds de beste optie. Het 
stabiliseert de pols, verminderd de pijn en verbeterd de functie. Misschien dat in de 
toekomst de resultaten van de polsprothese verbeteren zodat ook dat een optie wordt. 
Hier zou verder onderzoek naar gedaan moeten worden.
 De degeneratieve veranderingen in een vroeg stadium van de ziekte van Kienböck 
kan behandeld worden met een radiusverkortingsosteotomie indien er een ulna minus is. 
Echter gebaseerd op de literatuur moet gesteld worden dat geen van de behandelingen 
superieur is. Door de lage incidentie kan alleen een multicenter studie de vraag beantwoorden 
welke procedure het beste is.
 De beste behandeling voor artrose van het trapeziometacarpale gewricht kan niet 
gedefinieerd worden. Gebaseerd op de literatuur kan gesteld worden dat partiele of 
totale trapeziectomie met of zonder pees reconstructie of pees interpositie gelijkwaardige 
resultaten laten zien. De simpelste procedure met de minste kans op nadelige uitkomsten 
is de partiele trapeziectomie voor stadium I-III en totale trapeziectomie voor stadium IV. 
Betere korte termijn resultaten kunnen verkregen worden met een prothese, echter tegen 
hogere kosten, met meer complicaties en een lagere overlevingskans. Misschien kan door 
het verbeteren van de resultaten van de prothese ook de lange termijn resultaten verbeterd 
worden. Verder onderzoek op dit gebied is noodzakelijk.
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