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THE STORY

A 32 year old man was brought to the fi rst aid department of a university hospital with an upper 

extremity injury to his dominant hand. He informed the plastic surgeon on call that he had 

fallen through a pane of glass in the course of his work as a glazier. He was in a state of some 

confusion and said that the wound was pouring with blood, the total length of the wound was 

about 3 centimetres and it looked to him like “spaghetti bolognaise”. The surgeon performed 

his physical examination of the arm, hand and wound. During this examination some of the 

fi ngers could not be fl exed, the blood supply appeared diminished and sensibility in all fi ngers 

was impaired, especially when compared to the other side. When the surgeon had fi nished his 

examination, the patient asked the following questions:

 Do I need an operation or can it be stitched here right now?

 What will be the functional consequences?

 What will the fi nal outcome be and how long will this take?

 How long will it take before I can start work again?

The surgeon on call tried to answer his patient’s questions. On his way to the operating theatre, 

he asked himself the following questions:

 Do we need to operate this evening or can we delay the operation?

 Does this man need psychological assistance?

 Epineural or fascicular repair of the nerves?

 Do I need a nerve graft or can I perform an “end to end” repair of both nerve ends?

 How should we assess functional recovery?

 What are the prognostic factors? 

The patient visited the outpatient clinic frequently and the following questions raised:

 How long do I need to participate in the rehabilitation program?

 When will my ‘end-point’ of functional recovery be reached?

 I experience pain during exposure to cold will this diminish?





CHAPTER 1
GENERAL INTRODUCTION AND AIM
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INTRODUCTION

History of nerve repair

Peripheral nerve injuries were fi rst described by Hippocrates (460 - 370 BC). Based on his 

descriptions, it was believed for centuries that there was a relationship between nerve injuries 

and convulsions.1 Conservative therapy of these injuries was considered the appropriate 

method of treatment. The fi rst report of nerve suture is variously attributed to Paulus of Aegineta 

(625 - 690 AD), Rhazes (850 - 932) and Avicenna, Ali Abu Ibn Sina (980 - 1037 AD) in Persia or 

Ferrara in Italy 1608.2 Guglielmo da Salicento (1210 - 1280) is seen as one of the great pioneers 

of surgical treatment of nerve injuries.1 He stitched the surrounding tissue to approximate 

the nerve ends. Despite this early record of physicians attempting to classify and treat nerve 

injuries, the common belief prior to the 19th century was that nerves did not regenerate. As a 

result, any kind of major nerve injury was treated non surgically or with amputation.3 Peripheral 

upper extremity nerve surgery was introduced in the 19th century. The fi rst epineural repair of 

the nerve, with fi ne sutures, was published by Hueter in 1871. However, the results following 

repair were disappointing. The introduction in the mid 1960s of an operating microscope, new 

suture techniques and suture materials led to signifi cantly better outcomes. 

How often does it occur?

“Many persons from business and industry, as well as government and private life, remain unaware 

of the overall signifi cance of hand injuries”.4

Injuries and diseases of the upper extremity have a large impact on the population because of 

their high frequency, associated disability and economic cost. About 31% of all injuries aff ect 

the upper extremity and are the most common cause of injury in the United States (National 

Center of Health Statistics, National Health Interview Survey, Public Use Tapes).4 Each year in 

the United States around 18.000.000 acute upper extremity injuries occur that are of suffi  cient 

severity to bring about restriction of activity or a visit to a physician.5 About two thirds of upper 

extremity injuries occur to individuals in their most productive years of their life: 65% of the 

nerve injury patients were between 16 and 40 years of age.6 The total costs of upper extremity 

disorders in the United states in 1995 are estimated to be almost $19.000.000.000 per year.5 

In 73% of the cases the accident had a domestic cause and three times more males than 

females were injured. As a protective instinct the forearm and hand are often outstretched 

to absorb the impact of the trauma, with a slight preference for the dominant hand.7 In the 

Netherlands, between 1988 and 1997, on average 839 upper extremity nerve lesions were 

operated on annually, with an increase in recent years (SIG Zorgregistratie, 1997). The median 

nerve is involved in 19% of upper extremity nerve injuries and the ulnar nerve in 15.9%.6 About 
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78% of these nerve injuries were repaired by plastic surgeons. Twice as many patients were 

operated on in ‘peripheral’ hospitals compared to the university hospitals (SIG Zorgregistratie, 

1997). In modern practice most upper extremity nerve injuries, approximately 90% were treated 

by primary repair or elective delayed repair (within two weeks).6,8,9 

What are the functional consequences?

“The hand is a unique tool, which provides us the ability to feel, perform tasks and communicate”.

The hand is the primary interface between the human individual and the environment. Peripheral 

nerves transport very specifi c information to the brain. The somatotopic representation of the 

human body surface is nicely demonstrated by the ‘homunculus’ or ‘little man’. The arm and 

hand are responsible for a large part of the homunculus (fi gure 1). In upper extremity nerve 

injuries, morbidity is often not determined by the wound size but by the type of nerve that is 

injured.4 Injury to a sensory nerve will give loss of touch perception, temperature perception 

and sweating and often result in pain syndromes. Without sensation the hand is blind.10 Absence 

of sensation of digits disables the patient from using the hand as a functional tool. The primary 

interface between the human individual and the environment has been disrupted. Injury to a 

motor nerve will give muscle weakness or paralysis. Interruption of motor control makes the 

hand ineff ective to perform and control necessary daily small and rapid fi nger movements and 

Figure 1. Homunculus.
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will usually result in loss of diff erent grip strengths. Both the median and ulnar nerve carry 

sensory and motor functions. 

Anatomically, at wrist level the median nerve is centrally and slightly more superfi cially 

located, compared to the ulnar nerve, and is therefore more vulnerable to injury.11 The median 

nerve innervates anterior forearm and thenar intrinsic muscles. Muscles innervated by the 

median nerve and their function are displayed in table 1. Injury to the median nerve at wrist 

level produces inability to abduct and pronate the thumb, paralysis of thenar muscles and a 

sensible defi cit of the radial three and a half digits (fi gure 2). Grip and pinch strength are mainly 

diminished. The hand shows an externally rotated thumb into the plane of the palm and a 

wasted thenar eminence. The median nerve lies directly volar of the superfi cial fl exor tendons 

and close to the radial artery. Associated fl exor tendon and vascular injury is common.

A traumatized ulnar nerve is characterized by an awkward hand with profound weakness and 

signifi cant sensory loss.12 Sensibility is lost over the volar side of the little fi nger and ulnar half of 

the ring fi nger (fi gure 3). In proximal lesions there is also sensory loss in the dorso-ulnar aspect 

of the palm. Furthermore, ulnar nerve paralysis results in a severe muscle imbalance destroying 

the exquisite mechanical system of the hand and profoundly aff ecting the grip function. Muscles 

innervated by the ulnar nerve and their function are shown in table 2. Profound defi ciencies 

Figure 2. Sensory innervation by median nerve. Figure 3. Sensory innervation by ulnar nerve.
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occur in the ‘intrinsic minus’ hand with loss of the interossei, thenar, hypothenar, and adductor 

pollicis muscles.13 The appearance of the hand is indicative of the muscles involved. The fourth 

and fi fth fi ngers are hyperextended at the metacarpophalangeal (MCP) joint but fl exed at 

the distal phalangeal (DIP) joint. The thumb is abducted and the second and third fi ngers are 

extended with a slight fl exion of the DIP joint. Based on their close relationship with the nerve, 

concomitant injury to the ulnar artery and the fl exor carpi ulnaris (FCU) tendon are common. 

Because of the close approximation of both nerves at wrist level, frequent concomitant injury 

of median and ulnar nerves at this area is seen. Combined median and ulnar nerve injuries 

have devastating prospects. Sensibility loss is more profound with loss of position sense and 

feedback mechanisms.14 With the exception of extension of the wrist and fi ngers of the hand is 

totally paralyzed. The skeleton may be unstable with loss of normal joint stability and motion.14 

Especially the proximal level injuries can result in a ‘main en griff e’, which is characterized by a 

non-functional severely clawed hand.15

Compared to median and ulnar nerve injuries, the incidence of injury to the dorsal located 

radial nerve is lower. The radial nerve is involved in only 2% of all upper extremity nerve injuries. 

Table 1. Muscles innervated by the median nerve and their function, from proximal to distal

Muscle Function

Pronator Teres Pronation

Flexor Carpi Radialis Palmar fl exion and radial abduction of the hand; pronation

Palmaris Longus Palmar fl exion and tensioning of the palmar aponeurosis

Flexor Digitorum Superfi cialis Palmar fl exion of the wrist, fl exion of the MCP and PIP joints

Flexor Pollicis Longus Palmar fl exion, fl exion and adduction of the MCP joint of the 
thumb and fl exion of the IP joint of the thumb

Flexor Digitorum Profundus (2 - 3) Palmar fl exion, fl exion MCP, PIP and DIP joints of digits 2 and 3

Pronator Quadratus Pronation

Abductor Pollicis Brevis Abduction thumb

Flexor Pollicis Brevis Flexion thumb

Opponens Pollicis Opposition thumb

Lumbrical (1 - 2) Flexion MCP joints and extension IP joints

Table 2. Muscles innervated by the ulnar nerve and their function, from proximal to distal

Muscle Function

Flexor Carpi Ulnaris Flexion and ulnar abduction of the hand

Flexor Digitorum Profundus (4 - 5) Palmar fl exion, fl exion MCP, PIP and DIP joints of digits 4 and 5

Lumbrical muscles (3 - 4) Flexion MCP joints and extension IP joints 

Abductor Digiti Minimi Abduction digit 5

Flexor Digiti Minimi Flexion digit 5

Opponens Digiti Minimi Opposition digit 5

Flexor Pollicis Brevis Flexion of the thumb 

Interossei (four dorsal and three volar) Spreading of digits 2, 3, and 4 (dorsal) 
Closure of all fi ngers (palmar)

Adductor Pollicis Adduction of thumb
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Outcome following injury to the radial nerve is not analyzed in this thesis. The radial nerve is 

also a combined sensory and motor nerve. Depending on the level of the injury, patients are 

unable to extend the elbow joint, the wrist joint (dropping hand) and the fi ngers. This is also a 

disabling injury, since a person cannot fl ex the fi ngers suffi  ciently strong to grip an object due 

to muscle imbalance. Sensory loss is mainly found on the dorsum of the hand and fi ngers. 

What is the fi nal outcome and when will it be reached?

“Like it or not, outcome studies are here to stay, at least for the near future. Hand surgery patients 

have been minimally analyzed but are an important subpopulation. We must become more 

aggressive in providing appropriate outcomes, not only to the patient but also to those payers and 

corporations that need to have the data to substantiate the procedures and reconstructions that we 

are undertaking”.16

In the past two decades outcome has become a fashionable term. The growing emphasis on 

cost-eff ectiveness in the health care industry has highlighted the need for comprehensive 

outcomes research in a variety of medical specialties.17 Current interest in outcomes of all 

kinds of pathological processes is generating rapid growth in the number of individuals and 

organizations involved in outcome research.17 - 20 Outcomes of medical care include many 

dimensions: physical, social, and emotional functioning; symptoms and satisfaction.21 

Upper extremity nerve injury patients need information about their functional prospects and 

are interested in their ability to return to work and their time off  work. After World War II, many 

clinical peripheral nerve injury outcome studies were performed. Most of these studies were 

retrospective, based on microsurgical repair of the nerve and focused on the classic outcome 

markers sensory and motor recovery.22 - 75 Some outcome studies were case reports on iatrogenic 

injuries, partial nerve injuries, war or gunshot injuries, non-microsurgical repair or repair with 

experimental techniques.15,76 - 106 Psychological stress, ability to perform normal everyday 

activities, return to work, pain, discomfort and cost eff ectiveness were underexposed in all of 

these publications. Furthermore, there is a shortage of studies on long-term outcomes.107

Determination of an ‘end-point’ of functional recovery will provide essential information for 

the patient, doctor and social authorities. Unfortunately, few studies have examined this issue 

and therefore no consensus exists on this subject. Function has been found to improve from 

one to up to six years.70,71,108 To examine this subject in detail, data are needed from a large 

prospective national or international multi-center outcome study. 
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How should we assess functional recovery?

“Without assessment, we cannot treat, we cannot communicate and we cannot progress”.109

Assessment of clinical outcome following nerve injuries is complex and has many dimensions. 

The World Health Organization determined that assessment methods need to support clinical 

diagnosis, evaluate treatment and describe impairment, disability and handicap.110 Diff erent 

assessment methods of outcome are available to evaluate recovery from nerve injuries. It is 

essential to standardize these tests to create the ability to compare the results of multiple 

studies.2 Unfortunately, only a select number of methods meet the criteria for quality of an 

assessment method and there is no international consensus on the appropriate set of tests 

that should be used to evaluate nerve recovery after injury and repair.2 Rosen and co-authors 

published rationale for evaluation of recovery of sensory and motor functions following nerve 

repair.111

The primary outcome markers for nerve injuries are motor and sensory recovery. To evaluate 

functional recovery after nerve repair adequately, sensory and motor functions need to be 

defi ned and quantifi ed, both separately and integratedly.112 Five key factors for recovery of 

hand function can be defi ned: 1) the structural and functional status of peripheral and sensory 

components, the basis for perceiving tactile stimuli; 2) tactile gnosis, the ability to interpret 

the new sensory input to the brain, based on tactile stimuli; 3) integrated sensory and motor 

functions, “what the hand can do”; 4) muscle strength and 5) the degree of pain and/or 

discomfort in terms of hyperesthesia and cold intolerance.111 

After introduction of Von Frey hairs in 1896113, to evaluate sensory recovery, there has been 

an ongoing development of new assessment methods. Tinel and Hoff mann who treated nerve 

injuries during World War I, introduced in 1915 the tingling sensation of the regenerating nerve, 

still known as the ‘Tinel sign’.114 In chronological order the following frequently used tests were 

introduced to evaluate nerve regeneration. 1948, electromyography115; 1954, Grip strength 

by Jamar dynamometer116; 1954, Medical Research Council (MRC) scale117; 1958, Mobergs 

pick up test118; 1960, Semmes-Weinstein monofi laments119; 1969, Jebsen-Taylor hand function 

test120; 1960, static two point discrimination (s2PD)118; 1975, McGill pain questionnaire121; 

1978, moving two point discrimination (m2PD)122; 1980, Sollerman hand function test123,124; 

1984, Pinch strength by Jamar dynamometer125; 1989, Visual analog scale(VAS)126; 1991, Cold 

Sensitivity Severity questionnaire127; 1996, the Disability of Arm Shoulder and Hand (DASH) 

questionnaire128; 1997, Cold Intolerance Severity Score (CISS)129; 1998, Shape Identifi cation Test 

(STI)130 and 2004, Rotterdam Intrinsic Hand Meter (RIHM)131. The available assessment methods 

for evaluation of diff erent outcome parameters following nerve repair are displayed in table 3.

All available assessment methods only give information about the current status of 

reinnervation. Unfortunately, there is still no adequate quantitative test that has a predictive 

value for fi nal clinical functional outcome.132 Only Semmes Weinstein monofi laments (sensory 

recovery) and the Jamar dynamometer (motor recovery) fulfi l all the requirements of 
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standardization and have all specifi c clinical utility features considered important.111 Based on 

these results we used these tests to assess motor and sensory recovery for our study.

What are the prognostic factors?

“From the point of view of the ultimate utility of the limb, a nerve injury overshadows in importance 

of any other damage that may have occurred. A badly united fracture or a clumsy scar are mere 

trifl es compared with an unhealed nerve”.133

Since the introduction of peripheral nerve surgery, many improvements have been achieved 

in treatment of traumatic nerve lesions. Nevertheless, recovery following these injuries is often 

disappointing. One of the major problems is that the fi nal outcome is unpredictable.134 For 

both patient and doctor it is necessary to predict the chances of recovery, so that treatment 

expectations can be realistic and appropriate rehabilitation measures can be taken. 

Several predicting factors have been described to infl uence outcome of nerve injuries. Many 

of these publications were based on small numbers of patients. Chronically the following 

predicting variables have been described: age135; level of the injury15; skill of the surgeon15; 

sensory reeducation10,136; specialized hand therapy39; delay52,63,67,137; severity and type of 

Table 3. The available assessment methods for evaluation of diff erent outcome parameters following nerve repair

Outcome parameter Assessment methods

Sensory recovery Von Frey hairs
Medical Research Council (MRC) scale (S0-S4)
Semmes-Weinstein monofi laments
Perception of touch and vibration 
Electroneurography (ENG)

Motor recovery Electromyography (EMG)
Jamar dynamometer (Grip)
Medical Research Council (MRC) scale (M0-M5)
Jamar dynamometer (Tip-pinch)
Manual Muscle Testing (ex- & intrinsic) 
Rotterdam Hand Intrinsic Muscle (RHIM) meter 

Motor & sensory recovery Jebsen-Taylor hand function test
Sollerman hand function test

Tactile gnosis Moberg pick-up test
2 point discrimination (static & dynamic)
STI (shape-texture identifi cation) test
Other shape and object identifi cation tests

Discomfort and disability McGill pain questionnaire 
Visual analog scale (VAS)
Cold Sensitivity Severity questionnaire
Disability of Arm Shoulder and Hand (DASH) questionnaire
Cold Intolerance Severity Score (CISS)
Other activities of daily living (ADL) questionnaire



20

C
ha

p
te

r I

injury63,83,138; repair of the ulnar artery63; diabetes139; cooperation and motivation of the patient31; 

alcoholism60, cognitive capacity140 and diff erent neurotrophic factors141. 

Despite numerous studies on the outcome of nerve repair there is no conclusive agreement 

on which variables are independent predictors for functional outcome of median and ulnar 

nerve injuries. Most factors of importance such as age, level of injury, psychological stress, 

cognitive capacity, delay and plasticity of the brain have never been quantifi ed regarding their 

independent contribution.

Aim of the thesis

“In spite of an enormous amount of new experimental laboratory data based on evolving 

neuroscientifi c concepts during the last 25 years, peripheral nerve injuries still belong to the most 

challenging and diffi  cult surgical reconstructive problems”.142

The primary aim of this thesis was to investigate the overall long-term functional outcome of 

median and ulnar nerve injuries, in terms of restoration of normal everyday activities, return 

to work, time off  work, psychological morbidity, cold intolerance, sensory recovery and motor 

recovery. Furthermore, we aimed to identify the major independent prognostic factors for 

functional outcome and to determine an ‘end point’ for progression of functional recovery. With 

these research objectives, we hope to fi nd answers to the questions that will be asked by the 

patient with a median or ulnar nerve injury and raised by the surgeon treating this patient.

Outline of the thesis

Chapter 2 comprises an investigation into the overall functional outcome of median and ulnar 

nerve injuries. In addition, an analysis is made of the association between sensory and motor 

recovery. Furthermore, this study was used to defi ne further aims for the thesis. 

Chapter 3. The main objective of this chapter was to assess long-term outcome following 

‘spaghetti wrist’ injury in terms of functional recovery, return to work potential and psychological 

distress for a large group of patients. Furthermore, this part of the thesis aimed to compare the 

two most commonly used defi nitions for ‘spaghetti wrist’ injury, by means of statistical analysis 

of long-term outcome when applying these two diff erent defi nitions.

In chapter 4 content validity of the DASH (Disabilities of Arm Shoulder and Hand) 

questionnaire was examined. This study was additionally designed to investigate the ability 

to resume various everyday tasks and provide long-term DASH scores for forearm nerve injury 

patients.

Chapter 5 analyzes absence from work and the ability to return to work after surgical repair 

of median, ulnar and combined median-ulnar nerve injuries. In this chapter, factors were also 

investigated for their contribution to the ability to return to work within one year after injury.
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Psychological stress following median and ulnar nerve injuries has never been investigated 

in detail. Chapter 6 discusses the psychological impact of forearm nerve injuries and assesses 

the incidence of post-traumatic psychological stress. This chapter also examines to what extent 

psychological stress has an eff ect on functional outcome and return to work. We additionally 

aimed to identify risk factors for early psychological stress. 

The level of cognitive capacity plays a role in the remodelling process of the somatosensory 

cortex and therefore may have a substantial eff ect on the prognosis of sensory recovery. The 

study described in chapter 7 was designed to quantify the association between cognitive 

capacity and long-term sensory recovery.

In chapter 8 the results of a meta-analysis based on individual patient data on motor and 

sensory recovery after microsurgical nerve repair are reported. The predicting variables that 

infl uence outcome after median and ulnar nerve injuries were quantifi ed. 

Chapter 9 includes the general discussion and conclusions and chapter 10 the summary of 

this thesis.
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ABSTRACT

Background – Forearm and wrist injuries are a common cause of morbidity and are often 

associated with sub-optimal recovery of hand function. This study describes and compares 

outcome following median, ulnar or combined median-ulnar nerve injuries. 

Methods – 313 wrist and forearm nerve injuries operated upon between 1980 and 1997 in a 

large university hospital were reviewed in relation to complications, return to work, sensor and 

motor recovery. Of these 313 patients, 220 (5 - 73 years) met the inclusion criteria.

Results – Motor recovery, progress of sensory reinnervation and number of severed structures 

were related to the type of injury (p < .05). Multiple linear regression analysis revealed a relation 

between the appearance of sensory reinnervation and motor recovery (β = .02, 95%CI: .01 - .04 

and p = .01). A probability of a 24% of work loss, after a mean follow-up of 17.7 months, was 

found. Poor sensory and motor recovery were associated with work disability (OR = 2.9, p = .002 

and OR = 2.9, p = .007 respectively). No relationship was found between type of injury and return 

to work (p = .47). Level of injury (OR = 2.6, p = .01), type of work (OR = 3.1, p = .002), number of 

complications (p < .001) and hand-therapy (OR = .24, p = .001) were found to infl uence return 

to work.

Conclusion – It may be concluded that peripheral nerve injuries at forearm level can result in 

substantial functional loss and have major social consequences. This study identifi ed factors 

infl uencing return to work that can be used to optimize postoperative treatment strategy.
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INTRODUCTION

In the United States approximately one third of all injuries aff ect the upper extremities (National 

Center of Health Statistics, National health Interview Survey, Public Use Tapes). These injuries, 

especially at the forearm and wrist level, are a common cause of severe tendon, muscle and 

neurovascular damage. Due to the superfi cial location of these structures at forearm level, a 

relatively minor trauma can have a devastating impact. Particularly in cases where a nerve is 

involved, both sensory and motor function may be impaired, resulting in a non-functional 

hand. Upper extremity injuries have been an important cause of morbidity and disability in 

both the working and non-working population. The true impact of hand and forearm injuries 

may be greatly underestimated.1 In the United States, 18 million acute upper extremity injuries 

resulted in 32 million days of restricted activity and 10 million lost working-days over a period 

of one year.2 

Attention was recently drawn to a defi cit in comprehensive studies concerning the 

epidemiology and pattern of upper limb nerve injuries was emphasized.3,4 After World War II, 

extensive series of war victims suff ering from peripheral nerve injury were analyzed.5,6 More 

recently, several upper extremity outcome studies were performed.7 - 10 Most of these studies 

focussed on sensory and motor recovery, but less emphasis was placed on the ability to return 

to work and the impact of these injuries on the activities of daily life. For economic reasons, 

returning workers to employment is becoming an issue of national concern.11 Furthermore, 

return to economic productivity plays an important role with regard to a patient’s quality of 

life. To our knowledge, none of the outcome studies compared return to work of median, ulnar 

and combined median-ulnar nerve injuries. Taha and Taha focussed on diff erences in outcome 

between radial, median and ulnar nerve lacerations after missile injuries, which can be expected 

to have a worse prognosis, compared to the most commonly seen sharp cut nerve injuries.12,13 

It is evident that combined median-ulnar nerve injuries have a poorer functional prognosis 

in comparison with single nerve injuries. However, despite the functional impairment,14 not 

many data are available on the extent to which combined median-ulnar nerve injuries have a 

diff erent prognosis. 

The main objective of this study was to compare a large population of median, ulnar and 

combined median-ulnar nerve injuries, according to functional recovery and return to work. 

Furthermore, we aimed to identify factors infl uencing the outcome. Early identifi cation of 

patients at risk of non-return to productivity would be of importance to vocational rehabilitation 

programs. 
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PATIENTS & METHODS

Study population

We retrospectively collected medical record data of all median and ulnar nerve injury patients 

(0955.0 according to the International Classifi cation of Diseases, ICD 9) who were operated 

upon at the University Hospital Rotterdam “Dijkzigt” from January 1980 to December 1997. 

All forearm nerve injuries were repaired by plastic surgeons specialized in hand surgery. A 

peripheral nerve injury chart was designed to collect data on demographic information, 

etiology, diagnosis, treatment, complications, outcome and work status. Over this period, 313 

patients were primarily treated for complete or partial median and/ or ulnar nerve injury at a 

forearm level. In order to participate in this study the forearm nerve injuries were required to 

meet four entrance criteria. 1) A trauma of at least a single ulnar or median nerve located within 

the area between the fl exor elbow crease (proximal border) and the wrist crease (distal border). 

2) Patients had to have been followed for a minimum of three months or have been discharged 

from our outpatient department within a period of three months with total recovery of the 

hand function (e.g. neuropraxia). 3) Subjects needed to be functionally tested following valid 

standard hand assessment methods and 4) had to be evaluated and treated according to our 

departmental protocol. We excluded any person diagnosed with a non-traumatic compression 

neuropathy (e.g. carpal tunnel syndrome) or replantation of the forearm or wrist. 220 (70%) 

were patients were ultimately included.

Outcome measures

In order to test whether median, ulnar and combined median-ulnar nerve injuries have diff erent 

prognosis, we examined return of sensibility, motor recovery, complications and return to work 

as outcome measures. The reports were reviewed by one person who did not operate on any of 

the patients in this study and was not involved in the post-operative treatment.

A modifi ed classifi cation of the British Medical Research Council (MRC scale) was used to 

evaluate and classify sensory and motor recovery.15 The fi nal status of motor function and 

sensory recovery was classifi ed as good, satisfactory, moderate and bad. Sensory recovery was 

‘good’ if grade S3+ or S4 was achieved, ‘satisfactory’ for grade S3, ‘moderate’ for grade S2 and 

‘bad’ if grades S0 or S1 were reached. With regard to evaluation of motor recovery, we considered 

M4 and M5 as ‘good’, M3 as ‘satisfactory’, M2 as ‘moderate’ and M1 and M0 as ‘bad’. Functional 

recovery was considered as ‘useful’ when ‘good’ or ‘satisfactory’ scores were reached. Tinel sign, 

electrodiagnostic testing, Semmes Weinstein monofi laments and two-point discrimination 

were used to evaluate progress of nerve regeneration. The fi rst sign of sensory reinnervation 

was defi ned as the time between the date of nerve repair and any improvement of sensibility. 

Ability to return to the pre-injury employer was classifi ed as Return To Work (RTW). Retraining 

was not taken in consideration.
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Statistical methods

Complete information on motor recovery, sensory recovery and return to work (RTW) was 

available for 220 patients. Student t-tests were used to compare continuous variables and 

chi-square tests to compare categorical data. Sensory recovery and motor recovery were 

categorized as “good, satisfactory, moderate and bad” and RTW as “yes or no”. Thirteen patients 

were excluded from the analysis on return to work: these patients were either below the age 

of 16 years or above the age of 65 years on the day of injury. Diff erences in motor and sensory 

recovery between median, ulnar and combined median-ulnar nerve injuries were obtained with 

analysis of covariance (ANCOVA), controlling for age. Diff erences in RTW according to the type 

of injury and possible prognostic factors were examined with logistic regression analysis with 

RTW as dependent variable and type of injury and prognostic factors as independent variables. 

The obtained odds ratios (OR) can be regarded as an estimation of the relative risk (RR). Sex, 

age and severity of the trauma were added to the model as potential confounding factors. All 

tests were two sided and a p-value of less than .05 was considered statistically signifi cant. Data 

analyses were performed using SPSS statistical software.

RESULTS

Patient characteristics for the included and excluded study groups are displayed in table 1. Age 

and male–female ratio did not diff er signifi cantly and severity of the injury and the distribution 

of injured nerve were comparable between both groups. The study population, 174 men and 

46 women (ratio 3.8 : 1), were aged between 5 and 73 years with an average age of 31.4 years 

(SD 13.7). A single median nerve injury was diagnosed in 105 patients, a single ulnar nerve 

injury in 72 and a combined median-ulnar nerve injury in 43 patients. In 125 cases (57%) the 

dominant hand was aff ected and three patients had both arms injured. One hundred and four 

(64%) patients received surgery within 24 hours of the trauma (median 5.0 hours) and 64 (29%) 

patients had a delay of over 24 hours (median 1.0 day). Exact delay could not be calculated for 

7% of the subjects because time of injury occurrence was not noted. The study population was 

followed for an average of 17.7 months (SD 22.5 and range between 1.2 months - 14.4 years). 

Activity in and around the home environment was the major cause of injury (41%), followed 

by work related (21%) and night-live (14%) activities. Another frequently observed injury cause 

was attempted suicide (10%). The most frequent mechanisms of injury were accidental glass 

laceration (62%), knife wounds (16%) and mechanical cause (10%). 

Functional outcome

In 199 subjects (90%) tendon, bone or vascular damage complicated the upper extremity nerve 

injury. A diff erence was seen in the distribution of the associated injured structures (fi gure 1). 

There were on average 5.5 separate (SD = 3.3) anatomical structures involved in cases where 
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Table 1. Characteristics of included (n = 220 ) and excluded subjects (n = 93). 

Characteristic Included
(n = 220)

Excluded
(n = 93)

Age
 Mean ± SD
 Range

31.4 ± 13,7
 5 - 73

29.7 ± 13.4
 5 - 70

Sex (%)
 Male
 Female

174 (79)
 46 (21)

76 (82)
17 (18)

Type of injury (%)
 Median
 Ulnar
 Combined
 Unknown

105 (48)
 72 (33)
 43 (20)
  0  (0)

49 (53)
30 (32)
11 (12)
 3  (3)

Dominant hand aff ected
 Yes (%)
 Unknown (%)

125 (57)
  0  (0)

27 (29)
46 (49)

Causation (%)
 Glass
 Knife
 Mechanical
 Other
 Unknown

137 (62)
 35 (16)
 21 (10)
 22 (10)
  5  (2)

46 (49)
25 (27)
 8  (9)
 9 (10)
 5  (5)

Follow-up (months)
 Mean ± SD
 Range

17.7 ± 22.5
 1.2 - 172.4

1.7 ± 2.2
0 - 13.2

Structures aff ected
 Mean ± SD
 Range

5.9 ± 3.7
1 - 16

5.2 ± 3.9
1 - 18

Lesion (%)
 Sharp
 Crush
 Avulsion
 Unknown

181 (82)
 21 (10)
 15  (7)
  3  (1)

79 (85)
 8  (9)
 4  (4)
 2  (2)

SD = Standard deviation.

the median nerve was injured, 5.0 (SD = 3.3) in the case of the ulnar and 8.4 (SD = 4.1) in the 

combined median-ulnar cases (p < .0001 compared with single median and single ulnar nerve 

injuries). 

Sensory and motor recovery scores of the patient group are presented in table 2. Good sensory 

and motor recovery was achieved in 20.9% and 49.1%, respectively. Sensory recovery in these 

series of forearm nerve injuries was useful in 62% of the median cases and 59% of the ulnar cases 

(p = .71). The combined median-ulnar nerve injuries tended to achieve worse sensory outcome, 

55% of the combined injuries reached useful sensory recovery (p = .39 vs. median and p = .61 

vs. ulnar). The fi rst sign of sensory reinnervation was seen on average at 4.0 months (SD = 2.6) 

in case the median nerve was injured and 3.2 months (SD = 2.3) for ulnar nerve injuries (p = .09). 
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Figure 1. Distribution of associated injured anatomical structures.

A. Median nerve injury (n = 105)  

B. Ulnar nerve injury (n = 72)  

C. Combined nerve injury (n = 43)  

Abbreviations
A. Uln = Ulnar artery; FCU = Flexor Carpi Ulnaris; FDS = Flexor Digitorum Superfi cialis; FDP = Flexor Digitorum Profundus; FPL = Flexor Policis 
Longus; PL = Palmaris Longus; A. Rad = Radial artery



General outcome 35

Sensory reinnervation of a combined median-ulnar nerve injury appeared later (mean 5.5 

months, SD = 7.3) compared to single ulnar nerve injury (p = .03) and the median nerve injury 

(p = .08). All three types of nerve injury showed better fi nal outcome scores for motor recovery 

in comparison with sensory recovery (p = .015). Useful motor recovery was reached in 84% for 

lacerated median nerves and in 85% for ulnar nerve lacerations (p = .885). When comparing the 

group of good median motor recovery with the good ulnar recovery, ulnar motor function was 

poorer (p = .004). The combined median-ulnar nerve injuries ended in poorer motor recovery 

(69% useful) compared to the single nerve injuries (median p = .044 and ulnar p = .044). 

Multiple linear regression analysis, after adjusting for age, sex, and severity of the trauma, 

revealed a relation between appearance of sensory reinnervation and motor recovery (Beta 

coeffi  cient = .24, 95%CI: .008 - .04 and p = .02). No relation was found between appearance of 

sensory reinnervation and sensory recovery (Beta coeffi  cient = .06, 95%CI: −.016 - .035 and 

p = .45). 

Social consequences

Fifty-two (24%) subjects were unable to return to their former employer at the end of the follow-

up (mean: 17,7 months). Analysis indicated a possible diff erence between type of nerve injury 

and return to work (RTW) potential, suggesting that combined median-ulnar nerve injuries 

(71% RTW) have poorer prospects (75% median and 81% ulnar). However, after adjustment for 

age, sex and number of severed structures, the association between type of injury and RTW was 

not statistical signifi cant (p = .47). 

Table 2. Functional outcome, adjusted for age, according the aff ected nerve.

Median
(n = 105)

Ulnar
(n = 72)

Combined
(n = 43)

Sensory recovery (%)
Good
Satisfactory
Moderate
Bad
Useful †

25.7%
36.6%
24.8%
12.9%
62.3%

21.7%
37.7%
26.1%
14.5%
59.4%

11.9%
42.9%
40.5%
 4.8%
54.8%

Sensory reinnervation
In months ± SD 4.0 ± 2.6 3.2 ± 2.3 5.5 ± 7.3 *

Motor recovery (%) 
Good
Satisfactory
Moderate
Bad
Useful †

61.5%
22.1%
13.5%
 2.9%
83.6%

39.4%
45.1%
14.1%
 1.4%
84.5%

38.1%
31.0%
28.6%
 2.4%
69.1% *

* p < .05 for diff erence with single median or single ulnar nerve injury. Diff erences between the combined and single nerve injuries were only 
calculated for useful recovery.
† Useful includes good + satisfactory recovery.
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Table 3. Age and sex adjusted odds ratios (95% confi dence intervals) for inability to return to work (RTW). 

Prognostic Factors OR 95% CI p-value

Combined vs. single 1.27 0.56 - 2.87 .56

Poor sensory recovery 2.94 1.50 - 5.76 .002

Poor motor recovery 2.85 1.33 - 6.08 .007

Proximal vs. distal 2.55 1.25 - 5.21 .011

Dominant hand 1.12 0.46 - 2.72 .80

Structure nr. (1 - 16) 1.05 0.95 - 1.13 .47

Manual labors vs. others 3.06 1.50 - 6.22 .002

Nr. Sensory complications
(0 - 9)

1.75 1.28 - 2.38 < .001

Nr. Motor complications
 (0 - 8)

1.49 1.18 - 1.88 < .001

Handtherapy 0.24 0.10 - 0.56 .001

OR = odds ratio
CI = confi dence interval

Table 3 shows the risk of inability to return to work according to a number of prognostic 

factors. Poor sensory recovery and poor motor recovery increased the risk of incapacity for work 

(OR = 2.94, 95%CI: 1.50 - 5.76 and OR = 2.85, 95%CI: 1.33 - 6.08, respectively). Subjects with a 

more proximally located nerve laceration had less chance of returning to their former employer 

(p = .01). Surprisingly, dominance of the hand showed not to be associated with the return to 

work potential (p = .80). On the other hand, type of work was signifi cantly associated with loss 

of employment (p < 0.001). Manual labors appeared to be at higher risk of being unable to 

return to their former employer (OR = 3.1, 95%CI: 1.5 - 6.2).

In 178 subjects (81%) at least one forearm nerve injury related complication was noted. No 

association was found between type of injury and number of complications (p = .52). However, 

the number of sensory and motor complications, related to a nerve injury, was associated with 

work disability (< .001 and < .001, respectively). The following complications were signifi cant 

predictors of work disability: Atrophy of thenar muscles (p = .04), diminished gripforce of 

abductor pollicis brevis (p = .002), clawing (p < .001), cold intolerance (p = .001) and paresthesia 

(p = .04). Postoperative hand therapy, focussed on sensory relearning, muscle strength and 

coordination, reduced the risk of work disability (OR = .24, 95%CI: 0.10 - 0.56).

DISCUSSION

This study indicates that nerve injuries at forearm or wrist level can cause functional loss and 

have major social consequences. Twenty-one percent of the study-population achieved good 

sensory recovery. Good motor recovery occurred in forty-nine percent. In comparison with the 

single nerve injuries, combined median-ulnar nerve injuries had worse prospects. Combined 

median-ulnar nerve injuries resulted in worse motor recovery. Time between laceration of 
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the nerve and the fi rst sign of sensory reinnervation seemed to be a good predictor for fi nal 

motor recovery. Twenty-four percent could not return to their former employer after an average 

follow-up of one and a half years. No diff erence in return to work (RTW) potential was found for 

the three types of nerve injury. Poor motor and sensory recovery were associated with lower 

chances of employment. Furthermore, return to work was related to type of work, level of the 

injury, a number of complications and post-operative hand therapy.

It is known that upper extremity injury is the most common type of work trauma and therefore 

of major importance from a public health point of view.2 One of the principal clinical problems 

following a nerve injury, is the uncertainty concerning functional recovery. Reinnervation 

following nerve injuries at wrist and forearm level is often incomplete and causes a long period 

of suspense. In most of the forearm nerve injuries two years may not be suffi  cient for adequate 

motor recovery and sensory reinnervation.16,17 Based on our results, the time until fi rst sign of 

sensory reinnervation was noticed, seemed to be a good predictor for fi nal motor recovery. 

Therefore, patients at risk of poor motor recovery can be distinguished by regular assessment 

of sensory reinnervation within the fi rst fi ve months. Additionally, early identifi cation of poor 

recovery is essential to achieve best benefi t of secondary procedures, i.e. tendon transfers and 

nerve grafts. 

Many diff erent reporting methods, scoring systems and evaluation techniques are being 

used to quantify sensory and motor recovery following upper extremity nerve injuries.18 

Comparison with earlier contributions dealing with functional outcome4,7,9,13,19,20, is therefore 

diffi  cult. Although it is generally accepted that ulnar nerve injuries result in poorer motor 

function and less sensory recovery,21 this study revealed no statistical diff erences between 

median and ulnar nerve injuries. With respect to the proportion of subjects with good recovery, 

patients with ulnar nerve injuries achieved good recovery less often. Combined median-ulnar 

nerve injuries can end in a much worse functional condition, clawing of all the fi ngers and 

a totally paralyzed hand.22 Chin and co-authors suggested that trauma of median, ulnar, or a 

combination determines overall functional outcome.8 Our study showed a diff erence in motor 

recovery between the combined nerve injuries and single nerve injuries. 

Seventy-six percent of the study-population was able to restart work after a mean follow-up 

of 18 months. Depending on the length of follow-up and severity of the injury, reemployment 

of trauma patients ranges from low 57%12,23 to high 82%24,25. After one year, 58% were employed 

full-time following injury to one or more extremities.26 The ability to restart work was found 

to be associated with motor and sensory recovery. Surprisingly, despite diff erences in motor 

recovery, the ability to restart work did not diff er between single and combined nerve injuries. 

Studies that focussed on factors associated with delayed return to work concluded that 

correlation between physical impairment and the rate of RTW is weak.27,28 Furthermore, it has 

been stated that severity of the injury does not predict return to productivity.29 On the other 

hand, the relationship between motor recovery and regeneration time suggests that time off  

work will vary between the diff erent groups. Prospective extension is needed to obtain more 
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precise information about socio-economic losses in terms of lost work-days and restricted work 

activity. 

Outcome studies on functional recovery have shown that occupational therapy plays a 

major role in the recovery and rehabilitation of forearm nerve injury patients.10,26 Re-education 

of sensory function was found to have a positive infl uence on functional results.30 It may be 

concluded from this study that retraining programs also have a positive eff ect on successful 

return to work. Since motivation could not be measured from our data, we could not exclude 

this factor to be responsible for the association. 

Although this study was based on retrospective medical record data, the results provide 

comparative information for three diff erent types of forearm nerve injury. Our results confi rm 

and extend the fi ndings that volar nerve injuries at wrist and forearm level have dramatic 

prospects and can be placed among the severe disabling injuries.12,29,31,32 With regard to the 

upper extremity, only traumatic amputations tend to be associated with longer times off  

work and a lower percentage of successful return to work.33 The majority of upper extremity 

trauma aff ects young people and will make long-term claims on social services. Knowledge 

of contributing factors for adverse return to work potential could therefore be of signifi cant 

health care importance. These factors can be taken in consideration for rehabilitation programs 

to prevent continued work disability and to improve the effi  cacy of vocational rehabilitation 

services.
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CHAPTER 3
“SPAGHETTI WRIST” TRAUMA: FUNCTIONAL RECOVERY, 

RETURN TO WORK AND PSYCHOLOGICAL IMPACT
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ABSTRACT

Introduction – Few studies on spaghetti wrist trauma have been published. The study 

populations all consisted of small numbers of patients and most studies focused on functional 

recovery. In addition, diff erent defi nitions of this injury were used. 

Objective – To assess outcome for a larger group of patients in terms of functional recovery, 

return to work potential and psychological distress, and to compare outcome between the two 

most commonly used defi nitions for spaghetti wrist injury. 

Methods – The initial study-population consisted of 67 patients. Fifty patients completed 

a questionnaire-package consisting of the DASH (Disabilities of Arm, Shoulder and Hand, 

including the Functional Symptom Score (FSS, range 0 - 100)), a questionnaire to evaluate 

Return To Work (RTW) and Time Off  Work (TOW, range 0 - 52) and the Impact of Event Scale (IES, 

range 0 - 75). Motor and sensory recovery were assessed in an outpatient setting, on average 10 

years (range 2 - 18) following surgery (n = 43). 

Results – Mean Functional Symptom Score was 15.1 (SD 16.1; range 0 - 74) after a mean follow-

up of 10.0 years (SD 4.4; range 2 - 18). Mean TOW was 34.7 weeks (SD 17.9; range 4 - 52) and 

45.2% of the patients could not return to work within one year following the injury. Mean 

score on the IES was 26.2 (SD 19.7; range 2 - 69). Compared to the unaff ected hand, grip and tip 

pinch strength were decreased with means of 23.5% (SD 22.4; range 0 - 93) and 33.9% (SD 23.7; 

range 0 - 83), respectively. Regarding sensory recovery, 12 patients (27.9%) had no protective 

sensation. No statistical diff erences were found between the two diff erent defi nitions. 

Conclusions – This study demonstrated that spaghetti wrist injury can be placed among the 

severe disabling injuries. Comparison of the two defi nitions did not reveal any diff erences in 

outcome. To complete the evaluation of long-term outcome, a patient-derived assessment of 

function can be added to the clinical examination, and attention should be paid to psychological 

distress following the injury.
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INTRODUCTION

At the volar side of the wrist, 16 structures including 12 tendons, 2 nerves and 2 arteries are 

located just beneath the skin, and are therefore vulnerable to injury. The ‘Spaghetti wrist’ or ‘full-

house’ injury describes an extensive volar wrist laceration, in which several of these structures 

are injured. 

Besides amputation, combined injury of nerves, fl exor tendons and arteries at wrist level, 

may be the most traumatizing injury to the forearm. Nerve injury causes loss of motor and 

sensory functions of the hand. Diminished grip strength, imbalance of hand movements due 

to loss of intrinsic muscle functions and loss of sensation in some or all fi ngers, leaves the hand 

as a non-functional tool. Laceration of several fl exor tendons can lead to extensive scar tissue 

formation, resulting in elimination of diff erential gliding of the tendons.1

Despite the devastating nature of spaghetti wrist injury, little attention has been paid to this 

extensive wrist trauma.2 - 6 Various defi nitions have been used ranging from a relatively minor 

injury of three lacerated structures, including injuries without nerve-laceration, to a major 

trauma with laceration of at least ten structures including the median and/or ulnar nerve. 

Therefore, comparison of these studies is diffi  cult. In addition, numbers of patients reported 

are small and all studies focused on functional outcome, e.g. motor and sensory recovery. 

Little attention was paid to the impact of a spaghetti wrist trauma on employment and to 

posttraumatic psychological stress. 

The main objective of this study was to assess long-term outcome following spaghetti wrist 

injury for a large group of patients. Apart from evaluation of motor and sensory recovery, 

attention was paid to performance of activities of daily living, ability to return to work, and the 

psychological impact of a spaghetti wrist trauma. Furthermore this study aimed to compare the 

two most commonly used defi nitions for spaghetti wrist injury, by means of statistical analysis 

of long-term outcome applying these two diff erent defi nitions. 

PATIENTS AND METHODS

Study population

Records of patients with peripheral nerve injury of the upper extremity, operated on between 

January 1980 and December 1998 at the Erasmus MC, University Medical Center Rotterdam, 

were reviewed (n = 313). The inclusion criterion for spaghetti wrist injury was defi ned as: an 

injury at wrist level, located between the distal wrist crease and the fl exor musculotendineous 

junctions (zone 5), which met one or both of the following defi nitions. Defi nition1: Simultaneous 

laceration of both the median and ulnar nerves with fl exor tendons at the wrist.3,4 Defi nition 2: 

At least 10 divided structures including the median and/or ulnar nerve.5,7



"Spaghetti wrist" trauma 45

Patients with associated hand fractures or amputation of hand or fi ngers were excluded. 

Finally, according to these criteria 67 patients were included in the study (69 cases, two patients 

injured both arms. A summary of injuries is listed in table 1.

To trace these patients hospital medical records, general practitioners and municipal archives 

were consulted. A questionnaire package was sent to patients of whom the address could 

be retrieved (n = 60). Three follow-up mailings were sent to non-responders in two-month 

intervals. Fifty (50) patients returned the questionnaires. Ten patients rejected participation. 

The remaining seven patients were untraceable (four had moved abroad, one had died without 

any relation to the surgery and two were not known by municipal records). All responders were 

invited to our hospital for a visit in an outpatient setting to assess motor and sensory recovery. 

Patients unable to come to our hospital, were visited at home. Seven patients rejected this 

invitation.

The investigators had not been involved in the patients surgery or treatment following 

the injury. The protocol of the study was approved by the Medical Ethics Committee of the 

Erasmus MC, University Medical Center Rotterdam and informed consent was provided by all 

participants.

Questionnaires

The questionnaire package consisted of three questionnaires. To assess functioning in daily 

living, the DASH-questionnaire version 2.0 (May 1997) was used.8,9 It was translated according 

the criteria of the Institute for Work & Health (IWH) and the American Academy of Orthopedic 

Surgeons (AAOS). Five translations and two “back translations” by two native speakers were 

compared, aiming for semantic, idiomatic and conceptual equivalence. Using a self-report 

system, patients attribute scores of 1 to 5 (Likert scale) on 30 items related to functional 

activities (such as preparing a meal and writing) and symptoms (such as pain and weakness). 

The raw Functional Symptom Score (FSS) is then transformed to a 0 - 100 scale, whereby 0 

refl ects minimum and 100 maximum disability. 

Table 1. Summary of the injuries (n = 67)

Median Ulnar Combined

Total of severed structures 11.7 ± 1.4 10.7 ± 0.8 10.6 ± 3.7

Total of severed tendons  9.9 ± 1.1  8.7 ± 0.8  8.3 ± 3.0

Artery
 ulnar
 radial
 radial-ulnar

 3 (17.6%)
 4 (23.5%)
 3 (17.6%)

 7 (100%)
 0 (0%)
 0 (0%)

31 (68.9%)
 0 (0%)
 6 (13.3%)

Defi nition
 1
 2
 1 & 2

 0
17
 0

 0
 7
 0

16
 0
29

defi nition 1 = combined median and ulnar nerve injury
defi nition 2 = minimum of 10 lacerated structures including at least one major nerve
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A questionnaire concerning profession and return to work had been developed by the 

authors and was applied to examine return to work and time until resumption of work. No 

distinction was made between returning to the pre-injury job and fi nding new employment.

The Impact of Event Scale (IES)10 was selected to establish psychological impact and post-

traumatic psychological stress. Since its introduction in 1979, by Horowitz and co-authors, it 

is widely used. The Impact of Event Scale, is a 15-item self-report questionnaire that assesses 

stress-related symptomatology and records patient’s subjective responses to the traumatic 

event. Patients were asked to think of the period until a month following the accident and 

rate questions such as: “I had trouble falling asleep or staying asleep, because of pictures or 

thoughts about it that came into my mind”, “I tried not to think about it” and “Any reminder 

brought back feelings about it”. Each item has a scoring range of 0 - 5 on a 4-point scale (0 = not 

at all, 1 = rarely, 3 = sometimes and 5 = often), with seven items covering intrusive symptoms and 

eight items avoidance symptoms. Total IES scores range from 0 to 75 (worst score). Following 

their visit at our outpatient clinic patients were requested to complete the IES again for the 

current psychological status.

Follow-up review

During a one-hour session in an outpatient setting, motor and sensory recovery was examined. 

To assess motor recovery, grip and tip pinch strength were measured using a JAMAR Hydraulic 

Hand Dynamometer and Hydraulic Pinch Gauge meter (kilograms force, DeRoyal Industries, TN, 

USA) as described by Mathiowetz.11,12 Both the injured and uninjured hand were tested three 

times. In case the third measurement was the highest, a fourth measurement was performed. 

All results were noted and the mean was calculated. Results were mapped as percentage loss 

compared to the unaff ected hand with a scoring range of −100% to 100%. Corrections for hand 

dominance were made according to Petersen.13

Manual Muscle Strength Tests (MMST) were performed, as described by Brandsma et al.14, to 

evaluate recovery of the intrinsic muscles of the hand. Scores were noted using the Modifi ed 

Medical Research Council Scale (table 2).14 Muscles tested with the MMST were the abductor 

digiti minimi, the fi rst dorsal interosseous, the abductor pollicis brevis, the opponens pollicis 

and the dorsal lumbricals/interossei II-IV. In one of the responders nerves of both the left and 

right arm were injured. No valid reference for motor recovery could be obtained. Therefore, this 

patient was excluded from analysis concerning motor recovery.

Sensory recovery was tested with Semmes-Weinstein monofi laments (North Coast Medical 

Inc, CA, USA). The monofi laments (2.83, 3.61, 4.31, 4.56 and 6.10, ranked 1 - 5) were used 

according to the procedure described by Bell-Krotosky.15 Ten zones in the hand were tested, 6 

in the area of the median nerve and 4 in the area of the ulnar nerve. The scores were interpreted 

as suggested by Imai.16 Score 6.10 was interpreted as anesthetic.
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Statistical analysis

Participants and non-participants were compared, using chi-square analysis for categorical data 

and t-tests for continuous variables, to detect if selection bias had occurred (table 3). In case 

the expected count of the cells was less than 5 the Fisher’s exact test was used. Subjects who 

attempted suicide (n = 6, 12%) were excluded from analysis concerning the Impact of Event 

Scale, because they are more likely to have extensive psychological problems pre-existing to 

injury. To investigate psychological stress following a spaghetti wrist trauma a homogenous 

population was needed. Most nerve injuries have an accidental cause. Inclusion of the patients 

who attempted suicide might lead to misinterpretation of the results. In order to compare the 

two defi nitions, patients who matched both defi nitions (n = 29) were randomly divided between 

the two defi nitions. To check if randomly dividing the patients who met both defi nitions did 

not change the results we redid the analysis after exclusion of the patients who fulfi lled both 

defi nitions. Diff erences in outcome between the two defi nitions were examined by the non 

parametric Mann-Whitney U test for continuous data. Categorical data were analyzed using 

the chi-square test and if the expected values in one of the cells was less than 5, the Fisher’s 

exact test was used. All tests were performed two-sided and a p-value of < .05 was considered 

statistically signifi cant. Data analysis was performed using SPSS statistical software (version 9.0, 

Real Stats, SPSS Inc., IL, USA).

RESULTS

Study population

The study population consisted of 67 patients. A total of 50 patients returned the questionnaires. 

Table 3 lists patient characteristics for responders and non-responders. No statistical diff erence 

was found between the responders and non-responders for gender (p = 1.0), age (p = 0.55), 

type of injury (p = 0.36), injury of the dominant hand (p = 1.0) and time between injury and 

follow-up (p = 0.21). 

Table 2. Recovery of the intrinsic muscles scored according the Modifi ed Medical Research Council Scale

Intrinsic muscle recovery Grade Range of Movement Resistance

Excellent 5 Normal Normal

Good 4 Normal Reduced

Fair 3 Normal None

Fair 2 Reduced None

Poor 1 None Palpable contraction only

Failure 0 None No palpable contraction
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Questionnaires

Mean Functional Symptom Score (FSS) was 15.1 (SD 16.1; range 0 - 74), after a mean follow-up 

of 10 years (range 2 - 18). Thirty-one patients were employed at the day of injury. Twenty-nine 

of the subjects (93.5%) took sick leave, with a mean of 34.7 weeks (SD 17.9; range 4 - 52) and 

14 patients (45.2%) did not return to work within one year. One month postoperatively, mean 

score on the Impact of Event Scale (IES) was 26.2 (SD 19.7; range 2 - 69). Mean IES during follow-

up, on average 10 years after the trauma, was 7.3 (SD 11.2; p < .001). 

Follow-up review

Forty-three patients were available for follow-up review. One of these patients sustained 

spaghetti wrist injury to both his left and right arm, therefore the number of injuries is 44. 

Regarding grip and tip pinch strength mean losses of 23.5% (SD 22.4; range −15 - 93) and 33.9% 

(SD 23.7; range −25 - 83) were found respectively. Results for Manual Muscle Strength Testing 

(MMST) are listed in table 4. For results of the Semmes Weinstein monofi lament testing for 

sensory recovery see table 5. 

Table 3. Patient characteristics of responders and non-responders (n = 67)

Responders Non-responders

No. of patients 50 17

Gender 
 male
 female

42 (84.0%)
 8 (16.0%)

15 (88.2%)
 2 (11.8%)

Age (years)
 mean ± SD
 range

29.1 ± 12.4
 8 - 58

31.2 ± 13.5
18 - 71

Type of injury 
 glass
 knife
 other

32 (64.0%)
 7 (14.0%)
11 (22.0%)

 8 (47.1%)
 6 (35.3%)
 3 (17.6%)

Environment 
 home
 work
 suicide attempt
 other

20 (40.0%)
12 (24.0%)
 6 (12.0%)
12 (24.0%)

 4 (23.5%)
 2 (11.8%)
 6 (35.3%)
 5 (29.4%)

dominant hand aff ected
 yes
 no
 unknown

27 (54.0%)
19 (38.0%)
 4 (8.0%)

 4 (23.5%)
 2 (11.8%)
11 (64.7%)

Defi nition
 1
 2
 1&2

34 
36 
20 

10 
16 
 9

Time since injury (years)
 mean ± SD
 range

11.0 ± 4.4
 3 - 19

12.7 ± 5.4
 3 - 20
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Comparing two defi nitions

In tables 6 - 8 the two defi nitions are compared for Functional Symptom Score (table 6), 

Return To Work (table 6), psychological distress (table 6), motor recovery (table 7) and sensory 

recovery (table 8). Statistical analysis on these results showed no signifi cant diff erences in 

outcome between the two defi nitions. Diff erence for sensory recovery showed to be borderline 

statistical signifi cant. Mean grade of sensory recovery for defi nition 1 and 2 was respectively 3,8 

(SD 1.0) and 3.2 (SD 0.9) (p = 0.07). After exclusion of the patients who fulfi lled both defi nitions 

patients who met defi nition 2 (median 3.5) had a statistical better outcome for sensory recovery 

compared to the patients who met defi nition 1 (median 3.9) (p = 0.03). No statistical diff erence 

was found between both defi nitions for the FSS, weeks of sick leave, RTW within one year, the 

IES, grip strength, tip pinch strength and MMST, after exclusion of the patients who fulfi lled 

both defi nitions.

DISCUSSION

This study demonstrated that, despite a mean follow-up of 10 years, spaghetti wrist patients 

were still functionally impaired in performing certain tasks of daily living. The impact of 

spaghetti wrist injury on employment is not to be underestimated. Almost half of the study-

population, employed at the day of injury, could not return to work within one year following 

the accident. Moderate to severe psychological symptoms (IES > 17) during the fi rst month 

following the injury, were present in 28 patients (64%). 

Previous studies on spaghetti wrist injury mainly assessed sensory recovery, motor recovery 

and range of motion in order to evaluate long-term functional outcome.2 - 6 Although these three 

Table 4. Results for Manual Muscle Strength Testing (n = 43)

Muscle Mean ± SD No. of patients recovering grade 4 or 5

Abductor digiti minimi 2.8 ± 1.4 11 (30.6%)

First dorsal interosseous 2.7 ± 1.5 12 (33.3%)

Lumbricals/Interossei 3.6 ± 1.2 24 (66.6%)

Abductor pollicis brevis 3.5 ± 1.6 25 (65.8%)

Opponens pollicis 3.8 ± 1.3 28 (73.7%)

SD = Standard deviation

Table 5. Results for Semmes Weinstein Testing (n = 43)

Quality of sensation Filament No. of Patients

Normal 2.83  0

Diminished light touch 3.61  5 (7.4%)

Diminished protective sensation 4.31 17 (25.0%)

Loss of protective sensation 4.56 15 (22.1%)

Anesthetic 6.10  7 (10.3%)
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factors can all limit a patient in the performance of certain activities of daily living, none of these 

studies collected data about the patient’s daily functioning. The DASH-questionnaire provides 

an easy and valid method to evaluate functional impairment in daily living.17 The DASH can 

detect and diff erentiate small and large changes of disability over time after surgery.18 Recently 

population-based norms for the DASH have been collected and an signifi cant association 

between the severity of the injury and the FSS was described.19,20 Quality of motor and sensory 

recovery following upper extremity nerve injuries are related to the FSS.21 Findings in this study 

indicated that spaghetti wrist injury has a long-lasting high impact on performance of daily 

Table 6. Comparing two defi nitions; questionnaires (n = 50)

Defi nition 1 Defi nition 2 Statistics

No. of questionnaires 
returned 24 26 

FSS
 mean ± SD
 range

16.9 ± 17.7
 1 - 74

13.5 ± 14.5
 0 - 53

p = 0.39

Employment 
no. of workers
weeks of sick leave:
 mean ± SD
 range(min. 0; max. 52)
RTW within one year
No RTW within one year

17 (70.8%)

36.4 ± 18.8
 4 - 52
 8 (47.1%)
 9 (52.9%) 

14 (53.8%)

32.8 ± 17.5
10 - 52
 9 (64.3%)
 5 (35.7%)

p = 0.54

p = 0.34

Impact of Event Scale
 mean ± SD ª
 range ª 

26.5 ± 20.7
 4 - 71

28.9 ± 21.6
 2 - 75

p = 0.69

ª intrusion and avoidance sub-scales
defi nition 1 = combined median and ulnar nerve injury
defi nition 2 = minimum of 10 lacerated structures including at least one major nerve

Table 7. Comparing two defi nitions; motor recovery (n = 43)

Defi nition 1 Defi nition 2 Statistics 

No. of patients 22 21

Grip strength ª
 mean ± SD
 range

26.0 ± 26.1
−15 - 93

20.7 ± 17.5
−2 - 59

p = 0.56

Tip pinch strength ª
 mean ± SD
 range

36.9 ± 27.2
−25 - 83

30.5 ± 19.0
 0 - 75

p = 0.23 

MMST (mean ± SD)
 Abductor digiti minimi 
 First dorsal interosseous
 Lumbricals/introssei 
 Abductor pollicis brevis
 Opponens pollicis

3.0 ± 1.5
2.9 ± 1.6
3.5 ± 1.3
3.3 ± 1.8
3.5 ± 1.5

2.6 ± 1.3
2.5 ± 1.3
3.9 ± 1.0
3.8 ± 1.3
4.1 ± 1.0

p = 0.22 
p = 0.46 
p = 0.92 
p = 0.41 
p = 0.21 

ª percentage loss compared to the non-aff ected hand
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living activities. Only two patients (4.0%) were not disabled in daily living functioning (FSS = 0), 

after a mean follow-up of ten years. For example one of our patients with a FSS of 15 complained 

of moderate diffi  culties with writing, mild diffi  culties preparing a meal, severe problems with 

recreational activities in which the arm is moved freely and having moderate stiff ness, tingling 

and/or weakness in arm shoulder or hand. Since the introduction of the DASH-questionnaire 

in 1996, an increasing amount of studies used the FSS to evaluate functional disability. 

Functional symptom scores varied between 2 for proximal phalanx fractures and 52 for distal 

biceps rupture.22,23 Variation of the FSS is caused by diff erence in severity of injury and length of 

follow-up. On average 5.5 years following the operation combined median-ulnar nerve injuries 

reported a mean FSS of 24.21 Comparative FSS for other hand injuries are: a ray amputation: 

29 (follow-up 32 months)24 and for a scaphoid fracture: 13 (follow-up 66 months)25 Besides 

evaluation of motor and sensory recovery by a physician, the inclusion of a patient-completed 

questionnaire concerning daily living functioning can be an easy method to optimize the 

evaluation of short- and long-term functional recovery following nerve injury. In addition, this 

could facilitate comparison of results between studies.26

Return to productivity is becoming an issue of growing national concern for economic 

reasons.27 Many studies reported on return to work following trauma or illness.4,27 - 31 Despite 

the suggestion that extremity injuries disproportionately contribute to long-term disability27 - 31, 

return to productivity has been underexposed in the previous studies on spaghetti wrist 

injuries. Rogers et al.4 reported an 87.5% return to work-ratio among patients with combined 

median and ulnar nerve injuries. Taha and Taha29 reported a 0% return to work ratio among 

patients with combined median and ulnar nerve injury following missile injuries. Both studies 

reported small numbers of patients (8 and 7 patients, respectively). The present study showed 

that 45.2% of the employed patients did not return to work within one year following the injury. 

Furthermore, spaghetti wrist patients took sick leave with a mean of 35 weeks.

Throughout history, the hand has been identifi ed as an important component of human 

anatomy, unique in structure and function.32 Because the hand is frequently used as a non-verbal 

medium of communication, a disfi gured hand results in negative changes in self-image.33 Earlier 

studies reported on psychological problems following severe hand trauma.32,33 Grunert et al.33 

and found that 94% of patients with severe hand injury experienced psychological symptoms 

at some point early in rehabilitation. Richmond et al.34 reported a mean IES score of 30.6 

Table 8. Comparing two defi nitions; sensory recovery (n = 43)

Grade Defi nition 1 Defi nition 2

Semmes-Weinstein 
 Normal (2.83)
 Diminished light touch (3.61)
 Diminished protective sensation (4.31)
 Loss of protective sensation (4.56)
 Anesthetic (6.10)

1
2
3
4
5

0  (0.0%)
2  (9.1%)
8 (36.4%)
8 (36.4%)
4 (18.2%)

0  (0.0%)
3 (13.6%)
9 (40.9%)
7 (31.8%)
3 (13.6%)

p = 0.07
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among patients three months after a non-central nervous system trauma. To our knowledge, 

no reports have been published on psychological distress following spaghetti wrist injury. In 

our study population, psychological impact was considerable; 64% of the patients experienced 

a moderate (IES 18 - 39) to severe (IES > 40) psychological response within the fi rst month 

following the injury. This study reported an average IES score of 26, one month post operatively, 

which is comparable to the amount of psychological stress found among the survivors of the 

cruise-ship Estonia.35 Patients with scores greater than 30, have suffi  cient symptoms to be in the 

need for psychological treatment and patients whose initial scores are over 19 have a 12.4 times 

higher risk of developing a Post-Traumatic Stress Disorder (PTSD), than patients whose scores 

were 19 or less.36 Predictors for the amount of post-traumatic psychological stress, following 

median and ulnar nerve injuries, are number of severed structures, combined versus single 

nerve injuries and gender. Education was found a protecting variable.37 There were limitations 

to this part of the study. Retrospective data collection will tend to underestimate the amount 

of psychological stress. Patients may have failed to recall their reaction to their traumatic nerve 

injury. On the other hand, patients with worse functional outcome and reduced capacity for 

work, may tend to exaggerate the amount of psychological stress. Despite these limitations in 

can be concluded that the early psychological consequences of spaghetti wrist injury are not 

to be underestimated. During follow-up, on average 10 years postoperatively, spaghetti wrist 

patients reported a statistical decrease of the IES. Early recognition and treatment of patients 

who are at great risk to develop a post-traumatic stress disorder may infl uence the functional 

outcome. Results on the clinical utility of the IES, showed that the Impact of Event Scale has 

suffi  cient reliability and validity to warrant its use as a clinical screening method for traumatic 

stress.38,39

Nerve injury causes motor and sensory loss of the hand. Several previous studies reported 

on motor recovery following nerve injury.2 - 6,40 - 43 Our results are comparable to fi ndings in 

these studies, although reports on grip and tip pinch strength recovery vary. We found overall 

recovery of intrinsic muscles to be better than reported by others.2 - 6,40 - 43

Reports on sensory recovery vary, but are overall unsatisfying with most patients recovering 

only gross protective sensation.2 - 6 Our fi ndings on sensible recovery were disappointing with 12 

patients loosing protective sensation and 7 patients recovering no sensation. 

Three diff erent defi nitions are used to defi ne spaghetti wrist injury. In this study, we tried to 

reach consensus which defi nition can be used best, by means of statistical analysis of diff erences 

between two defi nitions (1. combined median and ulnar nerve injury and 2. laceration of ten 

or more structures including at least the median and/or ulnar nerve). The third defi nition used 

in literature, a laceration of at least three structures2,6, can be applied to most minor injuries 

to the wrist, including injuries without nerve laceration. In our opinion, this describes an 

injury with less severe functional consequences compared to injuries described by the other 

two defi nitions. Therefore, we did not use this third defi nition in our study. Statistical analysis 

showed no signifi cant diff erences in outcome between the two defi nitions (table 6 - 8). Only 
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a statistical diff erence was found for sensory recovery after excluding the patients who met 

both defi nitions. So it seemed that the combined median and ulnar nerve injuries have worse 

prospects concerning sensory recovery compared to the single nerve injuries. May be the larger 

area in the somatosensory cortex, which needs to be reorganized, can explain this fi nding. 

Focusing on the descriptive character of the name spaghetti wrist, we agreed with Katz7 and 

considered the second defi nition ‘a minimum of ten completely injured structures, including at 

least one major nerve’ the most appropriate to describe spaghetti wrist trauma. 

Spaghetti wrist injuries can be placed among the severe disabling injuries. Assessment 

of functional recovery involves more than evaluation of motor and sensory recovery by a 

physician. Besides a clinical examination, assessment of long-term outcome following nerve 

injury should include a patient-derived assessment of function, evaluation of the return to 

work-ratio and assessment of psychological distress. Furthermore, we recommend that in 

future studies spaghetti wrist injury is defi ned as a laceration of the volar wrist with a minimum 

of ten structures involved including at least the median and/or ulnar nerve. 
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FUNCTIONAL OUTCOME OF MEDIAN AND 
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ABSTRACT

Purpose - Nerve injury outcome studies have generally focused on the recovery of motor and 

sensory function, less attention has been paid to possibilities related to the patient’s activities 

of daily living. This study was designed to establish content validity of the DASH and to provide 

long-term DASH scores for forearm nerve injury patients. 

Methods - This was a retrospective study of 107 patients diagnosed with a median, ulnar or 

combined median-ulnar nerve injury (79% response rate), who completed a questionnaire 

package consisting of the DASH (Disabilities of Arm, Shoulder and Hand) and a questionnaire 

concerning Return To Work (RTW). In an outpatient setting, motor (Jamar) and sensory (Semmes 

Weinstein monofi laments) recovery were examined. 

Results - Mean DASH score was 18.7 (SD 19.7) after a mean follow-up of 5.5 years (range 1-

10). Combined median-ulnar nerve injuries (adjusted mean DASH score= 23.8: SE 3.9) were 

not accompanied by signifi cantly higher functional disabilities compared to the single nerve 

injuries (median: adjusted mean DASH score= 16.4: SE 2.7 and ulnar: adjusted mean DASH 

score= 18.6: SE 2.7, respectively p=0.13 and p=0.28). Multiple linear regression adjusted to age, 

sex, hand dominance and severity of the trauma revealed an association between the DASH 

score and sensory recovery (β=5.6, 95%CI: 1.0-10.2, p= 0.02) and motor recovery (Grip: β=0.33, 

95%CI: 0.19-0.47, p<0.001; Tip-pinch: β=0.22, 95%CI: 0.09-0.36, p=0.001). Patients capable of 

returning to productivity showed lower DASH scores (adjusted mean=12.5; SE 2.2) compared 

to the non-return to work population (adjusted mean=26.6; SE 2.6) (p<.001).

Conclusions - It can be concluded that median and ulnar nerve injuries cause long-lasting 

functional loss aff ecting various activities of daily living. The strength of correlation between 

the DASH score and motor and sensory recovery gave evidence of good content validity. The 

DASH is therefore a useful additional instrument to evaluate functional recovery following 

median and ulnar nerve injuries.
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INTRODUCTION

Loss of motor and sensory function following nerve injuries to the upper extremity may result 

in a less functional hand, with major consequences for a patient’s activities of daily living (ADL).1 

Most outcome studies concerning recovery following peripheral nerve injuries have focused 

on the return of the classic impairment markers sensory and motor recovery.2-5 The use of the 

Semmes-Weinstein monofi laments6 and the Jamar dynamometer 7 has proven to be valuable 

and reliable in evaluating sensory and motor recovery of the upper extremity after injury to the 

median and ulnar nerve.8 However, performance of various tasks of daily living may not rely on 

these markers. 

Recently there has been increased emphasis on the reliability and validity of testing 

instruments and procedures to quantify functional outcome.8,9 Many methods are currently 

being used to quantify functional outcome of nerve repair. The activities of daily living (ADL) 

are severely limited for a patient with a non-functional hand. Evaluation of the activities of daily 

living therefore needs to be performed during the progress of nerve regeneration. Assessment 

of these activities will provide additional information concerning the patient’s disability and 

may infl uence therapy. 

  Quality of life and performance of activities of daily living are important parts of assessment 

and treatment of patients with upper extremity dysfunction. This has led to the development 

of a number of objective and subjective upper extremity functional outcome measurement 

tools. For example, the Musculoskeletal Function Assessment 10, the Michigan Hand Outcomes 

Questionnaire (Chung, 1998), the Hand Outcome Survey Sheet 12 and the Self-administered 

questionnaire for the assessment of carpal tunnel syndrome 13 are designed to evaluate 

disability. Recently a questionnaire for evaluating disability of an upper extremity injury or 

disease, called the DASH (Disabilities of Arm, Shoulder and Hand), has been introduced by the 

American Academy of Orthopedic Surgeons (AAOS), the Council of Musculoskeletal Specialty 

Societies (COMSS), and the Institute for Work and Health (Toronto, Ontario).14 During recent 

years the DASH questionnaire has been increasingly used, refl ecting a growing interest in this 

outcome assessment tool.15-35 It has already been translated into German36, French37, Japanese, 

Swedish38, Spanish and Dutch39. 

Since the introduction of functional tests by Moberg 40 in 1958, the relationship between 

clinical examinations and function has been debated.41-44 The strength of relationship between 

the DASH and motor and sensory recovery has never been investigated. Comparison between 

the DASH score and the standardized methods to assess sensory and motor recovery is essential 

to test “content validity” of the DASH. The main objective of this study was to determine the 

content validity of the DASH. Furthermore this study was designed to provide long-term DASH 

scores for forearm nerve injury patients.
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PATIENTS AND METHODS

Study population

The study cohort was defi ned as all subjects who entered the Rotterdam University Hospital 

for surgical treatment of a median, ulnar or combined median-ulnar traumatic nerve injury 

during the period between January 1990 and December 1998. We reviewed all medical 

records of patients who suff ered an upper extremity nerve injury. A peripheral nerve injury 

chart was designed to score baseline data on: etiology, diagnosis, treatment, complications 

and work status. In order to be included in this study, patients were required to meet three 

entrance criteria. 1) A trauma of at least a single ulnar or median nerve. 2) The location of the 

laceration was restricted to within the area between the wrist crease (distal border) and the 

fl exor elbow crease (proximal border). 3) Patients had to be 12 years or older at the day of their 

injury. Excluded were subjects diagnosed with complete amputation of the hand followed by a 

replantation, patients with associated hand and or forearm fractures, patients with amputation 

of hand or one or more digits and excluded were nerve contusions and avulsions. On the basis 

of these entrance criteria, a total of 136 patients were included over the study period.

Follow-up data were collected in two ways: a questionnaire package and a follow-up 

examination at our outpatient clinic. Hospital medical records, general practitioners and 

municipal archives were consulted in order to trace the initially selected patient population. 

A questionnaire package was mailed to the selected individuals with a cover letter requesting 

participation in a retrospective follow-up study on functional outcome following a trauma of 

the forearm. Patients were asked to complete the questionnaires. The questionnaire package 

consisted of the DASH (Disabilities of Arm, Shoulder, and Hand) and a questionnaire concerning 

profession and return to work potential. Three follow-up mailings were sent to non-responders 

at a two-month interval. This resulted in a study population of 107 patients (response rate 79%). 

Thirteen subjects rejected participation. Of the remaining non-responders, 13 were untraceable 

(moved abroad or were not known in municipal records), 1 patient was detained in a foreign 

prison and 2 patients died without any relation to the surgery.

The protocol of the study was approved by the Medical Ethics Committee of Erasmus MC, 

University Medical Center Rotterdam and informed consent was provided by all participants. 

Outcome measures

We considered the following outcomes of interest in our study: functional recovery, Return To 

Work (RTW), sensory and motor recovery. The DASH (Disabilities of Arm, Shoulder, and Hand), 

version 2.0 (May 1997)14,45, was selected to assess functional recovery. It was translated according 

to the criteria of the Institute for Work & Health (IWH) and the American Academy of Orthopedic 

Surgeons (AAOS). Five translations and two “back-translations” by two native speakers were 

compared, aiming for semantic, idiomatic and conceptual equivalence. Reliability and validity 

were tested for the American version (test-retest reliability; ICC, 0.92 and internal consistency; 
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Crohnbach’s alpha, 0.96).45 Using a self-report system, patients allocated scores 1- 5 (Likert 

scale), on thirty items relating to functional activities (such as preparing a meal and writing) and 

symptoms (such as pain and weakness). The raw functional symptom score (FSS) was converted 

into a 0-100 scale, whereby 0 refl ects minimum and 100 maximum disability. A questionnaire 

concerning profession and return to work was developed by the authors and was applied to 

examine return to work and time until work resumption (in months). 

Patients who returned the questionnaires were invited to our hospital for a physical 

examination in an outpatient setting. Subjects who were unable to come to our hospital were 

visited at home. During a one-hour session, motor and sensory recovery were examined. One 

person who did not operate on any of the patients and was not involved in the post-operative 

treatment carried out the assessments. In addition, the follow-up session was used to check the 

accuracy of the self-reported outcome data and to complete the questionnaires in the case of 

incompleteness.

In order to assess motor recovery, grip strength and tip-pinch grip strength were measured 

using JAMAR Hydraulic Hand Dynamometer and JAMAR Hydrolic Pinch Gauge Meter in 

(kilograms force) (DeRoyal Industries, Powell, TN, USA) respectively.7 For grip strength the 

second handle position was used. For the pinch strength measurements the “tip-to-tip” 

pinch was performed between the tip of the index fi nger and thumb, with the other fi ngers 

extended. The positioning of the patient, verbal commands, etc. were carried out according to 

the recommendations of the American Society of Hand Therapists (ASHT). Both the injured and 

uninjured hands were tested three times. In cases where the third measurement was highest, 

a fourth measurement was performed. All results were noted and the mean was calculated. 

Results were mapped as percentage loss compared to the unaff ected hand with a scoring 

range of -100% to 100%. Corrections for hand dominance were made.46 In cases where the 

right hand was the dominant hand, the left hand was considered to have 10% less grip- and 

tip pinch -strength than the right hand, in cases where the left hand was the dominant hand, 

the right hand and left hand were considered to be equally strong. For statistical analysis, cases 

were considered as 0% grip or tip-pinch strength loss if the aff ected hand was slightly stronger 

(>-10%) than the unaff ected hand (grip n=10 and tip-pinch n=6).  

Sensory recovery was tested with Semmes-Weinstein monofi laments (North Coast Medical 

Inc, CA, USA). The monofi laments (2.83, 3.61, 4.31, 4.56 and 6.10; ranked 1-5) were used 

according to the procedure described by Bell-Krotosky.47 Ten zones in the hand were tested: 6 in 

the median nerve area and 4 in the ulnar nerve area. The scores were interpreted as suggested 

by Imai et al.48 A score of 6.10 was interpreted as anesthetic.

In two patients, nerves in both the left and right arm were injured. No valid reference for 

sensory and motor recovery could be obtained. These patients were therefore excluded from 

the analysis concerning sensory and motor recovery.
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Statistical methods

Respondents and non-respondents were compared in order to identify whether selection 

bias had occurred. Diff erences were tested, using chi-square analysis for categorical data and 

t-tests for continuous variables. Diff erences in functional symptom scores between median, 

ulnar and combined median-ulnar nerve injuries were obtained with analysis of covariance 

(ANCOVA), controlling for age and gender. Multiple linear regression analysis was applied to 

identify the association between the FSS and the dependent variables sensory recovery and 

motor recovery. Age, gender and severity of the trauma were included as confounding factors. 

Diff erences in functional symptom scores for the return to work (RTW) and non-return to work 

(non-RTW) population were obtained with analysis of covariance (ANCOVA) adjusted for age, 

gender, severity of the injury and type of job (white and blue collar). All tests were performed 

two-sided and a p- value of <.05 was considered as statistically signifi cant. Data analyses were 

performed using SPSS statistical software, version 9.0.

RESULTS

Study population

Characteristics of responders and non-responders are presented in table 1. The responders 

and non-responders had similar age and gender distributions and no statistical diff erence was 

found for severity of the injury. 

Data are reported for the 107 patients who were prepared to participate. The study population 

consisted of 85 male and 22 female (m:f = 3.9:1), with a mean age of 30.7 years (SD:12.0 and 

range 14-67) on the day of repair. Accidental injuries at work were the primary cause of trauma 

(30.8%), followed by activities at home (29.9%), nightlife (12.1%), victim of some kind of violence 

(8.4%), suicide attempt (6.5%) and others (e.g. sport accidents, 6.5%).

Outcome

The mean value of the functional symptom score (FSS), after a mean follow-up of 5.5 years, 

was 18.7 (SD 19.7; range 0-80). Combined median-ulnar nerve injuries reported higher FSS 

than the single nerve injuries. However, analysis of covariance adjusted for gender and age, 

revealed that combined median-ulnar nerve injuries (mean 23.8 : SE 2.7) were not signifi cantly 

associated with higher FSS compared to the single nerve injuries (median: mean= 16.4: SE 2.7 

and ulnar: mean= 18.6: SE 2.7, p=.126 and p=.282 respectively). Mean FSS for the quality of 

sensory recovery can be seen in table 2. 

Multiple linear regression adjusting for age, sex, hand dominance and severity of the injury 

revealed an association between the FSS and sensory recovery (β = 5.6, 95%CI: 1.0-10.2, p = 0.02) 

and motor recovery (Grip: = 0.33, 95%CI: 0.19-0.47, p < 0.001; Tip-pinch: β = 0.22, 95%CI: 0.09-

0.36, p = 0.001) (Table 3). Analysis of covariance, controlling for age gender severity of the injury 
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and type of job, showed that patients capable of returning to work (RTW) reported lower mean 

FSS values (adjusted mean: 12.5; SE: 2.2, 95%CI: 8.1-16.9) compared to the non-RTW population 

(adjusted mean: 26.6; SE:2.9, 95%CI: 20.8-32.5) (p < 0.001). Additionally, we investigated the 

association between several well-known predicting variables for the outcome following nerve 

Table 1. Characteristics of responders (n = 107) and non-responders (n = 29).

Characteristics Responders
(n = 107)

Non-responders
(n = 29)

Age (years)
 Mean ± SD
 Range

30.7 ± 12.0
14 - 67

28.9 ± 12.0 
15 - 61

Sex (%)
 Male
 Female

85 (79)
22 (21)

20 (69)
 9 (31)

Type of injury (%)
 Median
 Ulnar
 Combined

44 (41)
41 (38)
22 (21)

15 (52)
11 (38)
 3 (10)

Dominant hand aff ected (%)
 Yes
 Unknown

64 (59)
 7 (6)

13 (45)
 6 (21)

Number of structures aff ected
 Mean ± SD
 Range

 5.8 ± 4.1
 1 - 15

5.5 ± 4.1
1 - 15

Lesion (%)
 Sharp
 Crush
 Avulsion
 Unknown

73 (68)
16 (15)
13 (12)
 5  (5)

23 (79)
 3 (10)
 2  (7)
 1  (3)

SD = Standard deviation.

Table 2. Mean Functional Symptom Scores (FSS) for quality* of sensory recovery

Quality of sensation Filament Mean FSS (± SD)

Normal 2.83  7.9 ±  5.3

Diminished light touch 3.61 16.4 ± 20.5

Diminished protective sensation 4.31 17.3 ± 19.5

Loss of protective sensation 4.56 23.7 ± 17.1

Anesthetic 6.10 49.4 ± 21.9

p-trend = 0.02
* classifi cation according Imai (1989)

Table 3. Adjusted* β’s for the association between objective functional outcome variables and the Functional Symptom Scores 

(FSS), assessed by multiple linear regression analyses

Objective outcome variables Range Beta 95% CI p-value

Sensory recovery 1 - 5 5.6 1.0 - 10.2 0.02

Grip strength 0 - 100 0.33 0.19 - 0.47 < 0.001

Tip-pinch strength 0 - 100 0.22 0.09 - 0.36 0.001

* adjusted for sex, age, handdominance and severity of the injury
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injuries and the functional symptom score. Multiple linear regression analysis, adjusted for sex, 

showed that the number of severed anatomical structures (p = .33), level of injury (p = .59) and 

age (p = .33) was not statistically signifi cantly associated with the FSS on average 5.5 years after 

surgery (Table 4). 

DISCUSSION

Outcome of medical care includes many dimensions: physical, social and emotional functioning, 

symptoms and satisfaction.49 Surgical interventions are increasingly evaluated on the basis 

of the patient’s long-term physical functioning, well-being and quality of life.50 Most studies 

regarding outcome following median and ulnar nerve injuries focused on sensory and motor 

recovery, but less emphasis was placed on the impact of these injuries on activities of daily 

living. There has been an increase in interest in the use of generic health questionnaires to 

provide broad measures of health, which can be used to provide normative population data.51 

According to the designers of the DASH, the main purpose of the DASH is to describe diff erent 

groups of people and provide the ability to compare the impact of diff erent upper-limb 

disorders.45 The mean FSS values provided by this study can be used to compare the functional 

impairment of diff erent upper extremity diseases and conditions. The population-based norms 

for the DASH have recently been collected.52 These data will make it possible to compare our 

mean FSS values with age and gender adjusted normal values. 

The true impact of hand and forearm injuries may be greatly underestimated.53 DASH 

functional symptom scores, published between 1999 and 2001, varied between 2 and 52.15-35 

This large variation is due to diff erences in type of injury or disease and the length of follow-up 

between trauma and assessment. A mean FSS of nearly nineteen on a scale ranging from 0-100 

could be interpreted as “minor” disability. The maximum score of our study population was 80. 

For example: one of our patients with a FSS of 18 complained of mild diffi  culties preparing a 

meal, having mild diffi  culties with writing, having severe problems with recreational activities 

in which the arm is moved freely, having mild pain when performing any specifi c activity and 

having moderate stiff ness, tingling and/or weakness in arm, shoulder or hand. Comparative 

FSS values, of recent published studies on upper extremity injuries or diseases, are depicted 

in table 5. Our study population completed the DASH questionnaire after a mean follow-up of 

Table 4. Adjusted* β’s for association between predicting variables and the Functional Symptom Scores (FSS), assessed by 

multiple linear regression analyses

Predictors Range Beta 95% CI p-value

Nr injured structures 1 - 15 0.47 −0.47 - 1.41 .33

Level of injury 1 - 3 1.65 −4.31 - 7.60 .59

Age 14 - 67 0.17 −0.11 - 0.45 .33

* adjusted for sex
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5.5 years (66 months). In our opinion it may be concluded that median and ulnar nerve injuries 

cause long-lasting disabilities. Besides diminished sensibility and muscle strength, activities of 

daily living are impaired on a long-term basis. It is therefore important to include assessment 

of activities of daily living in the post-operative evaluation following treatment of any physical 

upper extremity injury. 

The results of this study tended to confi rm that combined median-ulnar nerve injuries gave 

less functional recovery than single nerve injuries, although this was not statistically signifi cant. 

The diff erences can be expected to be greater if assessment is performed at an earlier stage. A 

longitudinal follow-up study is needed to confi rm this idea and to examine the responsiveness 

(clinical change over time) of the DASH. On the other hand, it was stated that the DASH should 

be able to discriminate between diff erent groups.45 This study showed lower mean FSS values 

for the return to work population than the non-return to work population, a greater capacity to 

function normally in daily life. These data may be of interest to hand surgeons, hand therapists, 

insurance companies and employers. Additionally, these FSS values can be used to inform 

patients about their prognosis. 

No association was found between the FSS and several well-known predicting variables for 

the outcome following nerve injuries, such as number of severed structures, level of the injury 

and age. FSS values are calculated regardless of which hand or arm is used to perform the 

Table 5. Mean functional symptom scores (= FSS), of recently published studies on upper extremity injuries or diseases

Study  Injury/disease Mean FSS Follow-up*

Karanukar et al. (1999) 1 Distal biceps rupture 52.4  44

Krimmer et al. (1999) 1 Proximal scaphoid pseudoarthrosis 10  29

Navsarkar et al. (1999) 1 Psoriatic arthritis 27.5   –

Ring et al. (1999)  Fractures of humeral diphysis 24  37

Sauerbier et al. (1999)  Fracture of proximal scaphoid 12.7  66

Sauerbier et al. (2000)  Kienböcks disease 24.8  35

Sauerbier et al. (2000)  Scaphoid fractures 39  15

Sauerbier et al. (2000)  Carpal collaps 28  25

Bartellmann et al. (2000)  Fracture of fi rst metacarpal bone  7  33

Beyermann et al. (2000)  Distal radius fractures 11.2  33

MacDermid et al. (2000)  Distal radius fractures  #   6

Trankle et al. (2000)  Semilunar bone necrosis 24.8  35

McKee et al. (2000)  Supracondylar fracture humerus 23.7  51

McKee et al. (2000)  Intra-articular distal humeral fracture 20  37

Trumble et al. (2000)  Thumb basal joint arthritis  #  42

Eichhorn et al. (2001)  Carpo-metacarpal dislocation 24  36

Kalb et al. (2001)  STT arthrosis & Scapholunate necrosis 29  36

Kuhn et al. (2001)  Proximal phalanx fractures  1.8  19

Kuntscher et al. (2001)  Scaphoid fractures 15  15

Shin et al. (2001)  Lunotriquetral ligament injuries  # 114

* Follow-up: mean time between injury or diagnosis of the disease and assessment by the DASH questionnaire (in months).
#

 
No mean FSS values provided. These studies used diff erent calculation methods.
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activities. Patients will compensate for their dysfunction, for example by using their uninjured 

hand to perform tasks. This may lead to a lower FSS value and may therefore be responsible for 

the lack of association. Furthermore, the time interval between surgery and assessment may 

be an additional explanation for this fi nding. Functional status of the hand is a combination of 

both sensory and motor recovery. Most predictors are associated with either sensory or motor 

recovery. Amadio52 reported that anatomy and function are only loosely correlated, which may 

be an explanation for the absence of association between the number of severed structures 

and the FSS values. 

It was observed by Smith 54 that we must become more aggressive in providing appropriate 

upper extremity outcomes. Consistency in the reporting of these upper extremity outcomes is 

essential to standardize data collection.52,55 The general measuring methods used to evaluate 

the functional outcome following peripheral nerve injury to the upper extremity have proven 

to be reliable and valid.8 Semmes-Weinstein monofi laments and Jamar dynamometer are 

standardized methods and frequently used to evaluate sensory recovery and grip strength 

respectively.8,56-59 Comparison between these standardized methods and the FSS is essential to 

test content validity of the DASH. Mean FSS values were associated with the Semmes-Weinstein 

monofi laments and Jamar dynamometer grip and tip-pinch values. These data provide evidence 

that the DASH can be used to evaluate the outcome of median and ulnar nerve injuries. Test-

retest reliability (reproducibility) of the DASH was reported to be excellent, which makes it 

possible to complete the DASH by mail or telephone.60 

There were limitations to the present study. This was a retrospective cohort study, which 

is susceptible to selection bias. Responders and non-responders had similar age and gender 

distributions and no statistical diff erence was found for severity of the injury. To reduce recall 

bias, patients did not complete the DASH questionnaire at the same time as motor and sensory 

recovery were tested. Furthermore patients were asked to complete the DASH questionnaire at 

home to exclude the “white jacket or doctors” phenomenon. About 25 minutes are required to 

complete the entire DASH questionnaire. The fact that the FSS section is one of the latest parts 

of the DASH may contribute to less accurate answers on the questions related to the FSS. It was 

suggested that the DASH might be a little unwieldy for use in a community setting.55 In addition 

to the number of questions, the questions were considered to be complex. In our opinion, the 

recently developed “Quick DASH” may solve this problem. Another option would be to ask the 

patients to complete only the 30 simple questions related to the FSS.

In conclusion, in addition to physical examinations, attention must be paid to health-related 

quality of life following upper extremity injuries or diseases. The DASH is a useful and valid 

instrument to supply this information. Based on our results and Levine’s criteria for assessing 

a good instrument,13 this study proved that the DASH can be suitably used to evaluate upper 

extremity physical (dys-)functioning, following median and ulnar nerve injuries. Furthermore, 

the DASH questionnaire provides the opportunity to assess impairment and functional recovery 

from the patient’s point of view. The data of the present study can be applied to modern 
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treatment and evaluation criteria. In the near future more studies using the DASH are needed 

to provide a wider range of comparative FSS values.
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ABSTRACT

Purpose – One of the consequences of median and ulnar nerve trauma is delayed return to 

work. The aim of this study was to determine Return To Work (RTW) and risk factors for delayed 

RTW. Diff erences between median, ulnar and combined median-ulnar nerve injuries were 

examined. 

Method – In this study 96 patients who were employed at the time of injury and who had 

undergone surgery for median, ulnar or combined nerve injuries between 1990 and 1998 were 

evaluated. The response rate was 84% (n = 81). 

Results – Within 1 year after injury, 59% (n = 48) returned to work. Mean TOW was 31.3 weeks. 

RTW after combined nerve injuries was 24% versus after isolated median (80%) and ulnar 

(59%) nerve injuries (p < .001 and p = .032). Level of education, type of job and compliance to 

hand therapy were found predictors for RTW. Grip strength loss (p < .001), tip pinch strength 

loss (p = .002) and sensory recovery (p = .001) diff ered strongly between the RTW and No RTW 

population. 

Conclusions – The predictors found in this study increase our understanding of delayed RTW 

after median and ulnar nerve injuries and may be used to optimize postinjury rehabilitation.
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INTRODUCTION

Upper extremity nerve injuries have drawn increasing attention in recent literature. Most studies 

assessed motor and sensory recovery.1 - 7 Costs to society, human toll and morbidity also have 

been described.8 - 10 Estimates of the percent return to work (RTW) following traumatic upper 

extremity nerve injury have been scarcely reported1. Time off  work, to our knowledge, has not 

been described; therefore, the true impact of forearm nerve injuries is unknown.

The ability to return to work is infl uenced not only by physical health, but also by several 

other factors.11 - 13 Return to productivity following upper extremity injury is facilitated by early 

intervention and rehabilitation that addresses these factors in recovery.8 Studies have suggested 

a direct relationship between successful return to productivity and demographic and disability-

related characteristics, early referral to rehabilitation.14 - 15 Their relative importance in explaining 

delayed return to work has not been characterized in detail. This clarifi es why little is known 

about the profi le of a worker who is at a high risk for continued work disability.13 A better 

understanding of this profi le may contribute to a decrease in the costs of lost work days by 

optimizing rehabilitation programs and by changing jobs early, if necessary.

This large outcome study was primarily designed to describe return to work within 1 year 

after surgical repair of median, ulnar and combined median-ulnar nerve injuries. Factors 

investigated in this study were type of injury, educational level, type of job, compliance to hand 

therapy and location of lesion. Furthermore, motor recovery, sensory recovery and pain in the 

hand were examined. By means of these factors, the authors aimed to determine the profi le of 

a worker suff ering from traumatic upper extremity nerve injury who is at risk not returning to 

productivity within 1 year.

MATERIALS AND METHODS

Study population

We retrospectively collected medical record data of patients who had suff ered a traumatic 

median, ulnar or combined median-ulnar nerve injury (0955.1 and 0955.2 according to the 

International Classifi cation of Diseases) between January 1990 and December 1998. All nerve 

injuries were repaired by plastic surgeons specialized in hand surgery at the Department of 

Plastic and Reconstructive Surgery of the Academic Hospital Rotterdam, The Netherlands. All 

lesions were primarily repaired.

To identify the study population, the following inclusion criteria were used: 1) a traumatic 

laceration of at least an isolated median or ulnar nerve, 2) the location of the laceration was 

restricted between the wrist and the fl exor elbow crease, 3) patients had to be at least 18 

years of age at the moment of injury, 4) patients had to be employed at the time of injury, 5) 

patient data had to be complete. Amputations, nerve contusions and nerve avulsions were 
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excluded. The inclusion criteria were met by 96 patients. A postal questionnaire package was 

sent to all patients whose address could be retrieved. Six patients (7%) were lost to follow-up 

and two patients (2%) had died. Two patients (2%) were not contacted for they moved abroad. 

In total, fi ve patients (5%) refused to respond, leaving a fi nal group of 81 participants. This was 

a response rate of 84%, acquired after 4 mailings.

Patient characteristics of the study population (n = 81) are shown in table 1. Transections 

were mainly caused by glass (54%) and knives (19%). Injuries occurred at the workplace in 37% 

of the cases (n = 30). Analysis of the preinjury work status showed that 56 patients (69%) were 

blue-collar workers and 25 patients (31%) were white-collar workers.

Methods

The main outcome of the study was return to work (RTW). Return to work was defi ned as the 

resumption of employment within 1 year (a “yes” or “no” response). Time off  work (TOW) was 

defi ned as the length of time between the injury and return to work, expressed in weeks (0 - 52). 

In this period, sick pay was received from the employer during work absence by all injured 

workers according to the Dutch Health Law. In case work absence exceeds 52 weeks, sick pay is 

replaced by permanent disability compensation from the government. 

Factors infl uencing RTW investigated in this study were type of injury (median, ulnar 

or combined), educational level which ranged from 1 (’did not fi nish primairy school’) to 

7 (’university degree’) and type of job, divided into blue-collar and white-collar workers, 

depending on the physical characteristics of the job held before injury. Blue collar jobs were 

Table 1. Characteristics of study population

Characteristic Patients (n = 81)

Age (yr)
 Mean (SD)
 Range

30.5 (10.4)
18 - 58

Sex (%)
 Male
 Female

72 (89)
 9 (11)

Type of injury (%)
 Median
 Ulnar
 Combined

30 (37)
34 (42)
17 (21)

Dominant hand aff ected (%)
 Yes 52 (64)

Number of structures injured
 Mean (SD) 5.5 (4.1)

Lesion (%)
 Sharp
 Crush
 Avulsion

59 (73)
17 (21)
 5  (6)

SD = Standard deviation
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defi ned as hard manual labor, whereas white collar jobs were defi ned as offi  ce employment. 

Furthermore, compliance to hand therapy, defi ned as being compliant to the standard hand 

therapy program for a minimum of 3 months (a “yes” or “no” response), location of lesion (distal, 

midforearm or proximal) and pain in the hand were investigated. In addition, grip strength 

loss, tip pinch strength loss and sensory recovery were factors, examined for their predictive 

value on return to work. Severity of the trauma, refl ected by the number of volar structures 

severed (12 tendons (fl exor digitorum superfi cialis II/IV, fl exor digitorum profundus II/IV, fl exor 

carpi ulnaris, fl exor carpi radialis, fl exor pollicis longus), 2 nerves (median and ulnar), 2 arteries 

(ulnar and radial), range 1 - 15), was put in the model as an additional confounding factor for 

grip strength loss and tip-pinch strength loss. 

Medical records were reviewed to extract information on diagnosis at entry into treatment. A 

peripheral nerve injury chart was designed to gather data about demographic characteristics, 

diagnosis, etiology, treatment, follow up and complications. The postal questionnaire included 

questions on status of employment, physical characteristics of work, level of education, RTW 

and TOW.

In an outpatient setting, motor recovery was assessed by measuring grip strength and tip 

pinch grip strength, using the JAMAR Hydraulic Hand Dynamometer and JAMAR Hydraulic 

Pinch Gauge meter (kilograms force) (DeRoyal Industries, Powell, TN, USA), respectively16. 

Both the injured and uninjured hand was tested 3 times. In case the third measurement was 

the highest, a fourth measurement was performed. All results were noted and the mean was 

calculated. Results were mapped as percentage loss compared to the unaff ected hand with 

a scoring range of 0 to 100%. Corrections for hand dominance were made17. In case the right 

hand was the dominant hand, the left hand was considered to have 10% less grip and tip pinch 

strength than the right hand, in case the left hand was the dominant hand, the right hand 

and left hand were considered to be equally strong. For statistical analysis these cases were 

considered as 0% grip or tip pinch strength loss, if the aff ected hand was slightly stronger 

(> −10%) than the unaff ected hand.

Sensory recovery was tested with Semmes-Weinstein monofi laments (North Coast Medical 

Inc, Morgan Hill, CA, USA). The monofi laments (2.83, 3.61, 4.31, 4.56 and 6.10, ranked 1 - 5) were 

used according to the procedure described by Bell-Krotosky18. Ten zones in the hand were 

tested, 6 in the area of the median nerve and 4 in the area of the ulnar nerve. The scores were 

interpreted as suggested by Imai19. Score 6.10 was interpreted as anesthetic. Pain in the hand 

was evaluated using the Visual Analogue Scale: patients were asked to mark the point on a 

10 cm bar (scoring range 0 - 10) that corresponded to their experience of pain in the hand in 

particular daily situations.

Statistical analysis

Complete information, including functional testing was available for all 81 patients. Descriptive 

statistics were summarized with means, standard deviations and ranges. Factors were examined 
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for their infl uence on return to work using logistic regression analysis for categorical data and 

linear regression analysis for continuous data. Odds ratios were calculated for all categorical 

predictors examined. Diff erences in motor and sensory recovery between the RTW and No RTW 

population were determined by analysis of covariance (ANCOVA) after adjusting for sex, age 

and hand dominance. Severity of the trauma was put in the model as an additional confounding 

factor for grip strength loss and tip-pinch strength loss. Signifi cance was accepted for p-values 

less than .05. All p-values were two-tailed. The SPSS statistical package (version 9.0; Real Stats, 

SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. 

RESULTS

The RTW rate within one year was 59% (n = 48). The cumulative proportion of return to work at 

3, 6 and 9 months postinjury was 19%, 43% and 53%, respectively. The majority of patients, 41 

(85%), who successfully returned to work indicated that they were doing the same kind of work 

as they had done prior to the injury. Five workers (10%) switched from a blue to a white collar 

job; two patients switched from white to blue collar employment (5%). 

The average time off  work (TOW) was 31.3 weeks (range 3 - 52 weeks, SD 19.4). No signifi cant 

diff erence in time off  work was found between median nerve injuries (24.2 weeks, SD 3.2) and 

ulnar nerve injuries (30.7 weeks, SD 3.5), p = .246. Combined median-ulnar nerve injury took 

signifi cantly more time off  work, 44.8 weeks (SD 3.5), than both isolated median nerve injury 

(p < .001) and isolated ulnar nerve injury (p = .024). There was a diff erence in time off  work 

between blue and white collar workers; blue collar workers averaged 34.4 weeks (range 3 - 52 

weeks, SD 2.6) whereas white collar workers averaged 24.2 weeks (range 3 - 52, SD 3.6).

The diff erence in return to work within the year between combined median-ulnar nerve 

trauma (24% RTW) and an isolated median nerve injury (80% RTW) was p < .001. Return to work 

was also signifi cantly diff erent for combined nerve trauma and an isolated ulnar nerve injury 

(59% RTW), p = .032. After adjusting for age and sex, no signifi cant diff erence in return to work 

potential was found between a median and an ulnar nerve injury (p = .116). After adjusting for 

age, sex and severity of the trauma, means for grip strength loss, tip pinch strength loss and 

sensory recovery were lower for people who could return to work within the year compared to 

those of who could not (table 2). The level of education was positively associated with return 

to work (p = .002). Higher rates of RTW were found for patients in white collar employment 

compared to those in blue collar employment (p = .014). Compliance to hand therapy 

signifi cantly increased return to work (p = .045). Injuries at wrist crease level tended to provide 

better perspectives than proximal injuries at midforearm level and the region of the fl exor 

elbow crease. Pain in the hand did not infl uence RTW (p = .113). Odds ratios for the predicting 

variables for RTW within 1 year are summarized in table 3.



80

C
ha

p
te

r V

DISCUSSION

One year after suff ering from a nerve injury to the upper extremity, 59% of the patients had 

returned to work. The ability to return to work after combined nerve injuries was considerably 

lower than the ability to return to work after isolated nerve injuries. Levels of motor and sensory 

recovery diff ered signifi cantly between the RTW and no-RTW workers.

Almost one third of all injuries involve the upper extremities.20 The total cost of upper 

extremity disorders in the United States in 1995 is estimated to be almost $19 billion.20 Studies 

have shown that the indirect costs of lost productivity were nearly twice the direct health care 

costs.14,21,22 Returning to employment quickly after upper extremity injury is therefore becoming 

an issue of growing interest.23,24

It is well established that patients recovering from upper extremity nerve injury usually do 

not return to their previous level of functioning.25,26 Little investigation has been performed on 

the probability of return to work after median and ulnar nerve injuries. Published results were 

mostly based on small study populations. Return to work after upper extremity trauma has 

been reported to be as low as 0% (n = 7) for combined nerve injuries1 or as high as 90% (n = 54) 

after trauma to the hand.27 In our study, 59% of the workers suff ering from upper extremity 

nerve injury were able to return to work within one year. Patients with isolated median nerve 

injuries returned to work in a greater percentage than patients with isolated ulnar nerve injuries 

(80% vs 59%, respectively). The authors believe that the explanation is 2-fold. First the authors 

believe that decreased grip-strength (resulting from loss of ulnar intrinsic nerve function) does 

infl uence the ability to return to work more strongly because one’s grip strength is a more 

Table 2. Adjusted* means for the functional outcome variables of the Return To Work population and No-Return to Work 

population

Adjusted means for: No RTW RTW p-value

Grip strength loss (0 - 100) 40.4 (SE 4.6) 16.9 (SE 3.3) < .001

Tip pinch strength loss (0 - 100) 48.8 (SE 6.3) 22.4 (SE 4.6)  .002

Sensory recovery (1 - 5)  3.5 (SE 0.2)  2.9 (SE 0.1)  .001

SE = Standard Error, RTW = Return To Work
* Adjusted for sex, age and hand dominance. For grip strength loss and tip pinch strength loss, severity of the trauma was put in the model as an 
additional confounding factor 

Table 3. Adjusted* odds ratios for ability to Return To Work

Prognostic Factors p-value odds 95% CI

Type of injury (isolated vs combined) .002 7.0 2.0 - 24.3

Educational level (7 - 1) .014 1.6 1.2 -  2.4

Type of job (white vs blue collar) .014 4.3 1.3 - 13.7

Compliance to hand therapy (yes vs no) .045 3.5 1.0 - 11.6

Location of lesion (distal, midforearm, proximal) .154 0.6 0.3 -  1.2

Pain in the hand (0 - 10) .113 0.7 0.3 -  1.6

* Adjusted for sex and age. For educational level, type of job was put in the model as an additional confounding factor
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valuable factor in performing (hard) labor than one’s level of functional sense, which depends 

on the median nerve. Second, the authors assume the regeneration time of the injured ulnar 

nerve to be considerably longer than that of the median nerve. 

Our results were in agreement with those published by Taha and Taha, who found a 57% 

return to work ratio after sustaining a missile injury to the ulnar nerve (n = 14).1 Return to work 

after median nerve injury (n = 11) in the study by Taha and Taha was worse (55%). Compared 

with non-nerve trauma to the upper arm and hand, the potential to return to work after 

forearm nerve injury is considerably lower.9,27,28 It is reasonable to expect a low ability to 

return to work for combined median-ulnar nerve injuries, in accordance with earlier reports 

on outcomes following this kind of severe trauma.1,29 Prospects of a successful return to work 

after combined median-ulnar nerve injuries seem to be as bleak as those after upper extremity 

amputation.22,30,31

We found an average TOW of 31 weeks after injury. Results presented by this study should be 

regarded as primarily descriptive because the Dutch setting of workers compensation insurance 

does not allow objective TOW measurement beyond 52 weeks after the injury. Sick pay then 

is being replaced by permanent disability. The automatically enrolled disability regulations 

enable workers to return to work only after agreement on recovery between the patient and 

his physician. Therefore, work absence in this study is limited to 52 weeks. Consequently, the 

average TOW is underestimated as the provided mean TOW is used as a reference for the fi rst 

year only. At the moment we are performing a large prospective multicenter study to investigate 

work absence beyond 52 weeks.

Information on risk factors for return to work resulting from upper extremity trauma has been 

scarce.32 - 36 Therefore, predicting the ability to return to work after forearm nerve injury has been 

very diffi  cult. Several factors contributing to the profi le of a worker at high risk not to return to 

work within one year were found. Isolated nerve injuries result in higher rates of return to work 

than combined nerve injuries. Functional recovery was comparable with other outcome studies 

on upper extremity nerve injury.26,37 - 39 The importance of grip strength loss, tip pinch strength 

loss and sensory recovery as a predictive value for RTW was comparable with earlier results. This 

supports opinion in literature that grip and tip pinch strength measurements are important 

and reliable factors for capability to work.40,41 A high level of education has been described 

as a protective factor for work absence after injury.11,14,42 Blue collar employment proved to 

hinder return to work in the fi rst year after injury: expectations to return to work of white collar 

employees were times 4.3 higher than that of manual laborers (table 3). Compliance to the 

standard hand therapy program off ered, was found to correlate strongly with successful return 

to work.42 - 44 The program focussed on mobility, muscle strength and sensory reeducation. 

The procedure did not include work hardening. Nevertheless, after completing the program 

chances to return to work within the year were times 3.5 higher. No important infl uence in 

our study was exerted by the location of the injury; however the more proximal the injury was 
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located, the more diffi  cult it was to return to work within the year. Pain in the hand was not a 

predictor for RTW in this study. 

The precarious increase of costs due to injury is a serious problem that societies have been 

facing for years. Therefore therapists have been requested to help minimize costs by returning 

a worker as rapidly as possible to the workplace.8,45 Eff orts to get workers suff ering from upper 

extremity nerve trauma back to employment are usually done through special rehabilitation 

programs. These programs have signifi cantly reduced time off  work.44,46,47 Eff ective rehabilitation 

programs should be based on the profi le drawn up by the risk factors that delay return to work 

after upper extremity nerve injury.8,45 The profi le of a patient with a nerve injury who quickly 

returns to work comprises both demographic- and injury-related characteristics. The worker 

is highly educated, holds a white collar job and is compliant with hand therapy. The injury is 

preferably isolated. The level of functional recovery was higher for the RTW population. By 

evaluating the grip strength loss, tip pinch strength loss and sensory recovery, it is possible to 

reason whether a patient is functionally capable of returning to work. Insight into these factors 

also provides an economic advantage because a quick return to work off ers an optimal form of 

rehabilitation.46 In addition, an early and more accurate prognosis of perspectives to return to 

work can be provided to the patient. 

After analysis of a large number of patients, this study found several factors that have an 

infl uence on return to work after median and ulnar nerve injury. By means of these factors, 

we provided a framework of understanding recovery and rehabilitation after upper extremity 

nerve trauma. In planning rehabilitation services, careful consideration ought to be given to 

these factors in order to limit work absence and related costs. In case the profi le of a worker 

who does not return to work consists of factors that are not under control of the physician, the 

patient should be retrained or directed at diff erent employment as early as possible. 
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ABSTRACT

Introduction – Forearm and wrist injuries can result in a non-functional hand caused by loss 

of motor and sensory functions. Psychological stress is known to accompany traumatic hand 

injuries and may therefore aff ect functional outcome.

Methods – This was a retrospective study of 107 patients diagnosed with a median, ulnar or 

combined median-ulnar nerve injury (79% response rate), who completed a questionnaire-

package consisting of Impact of Event Scale (IES), DASH (Disabilities of Arm Shoulder and 

Hand) and a questionnaire concerning Return To Work (RTW) and Time Off  Work (TOW). In an 

outpatient setting motor and sensory recovery were examined. 

Results – Ninety-four percent experienced early psychological stress. Thirty-six (36%) percent 

of subjects reported suffi  cient symptoms at one month post-operatively to be classifi ed as, 

in need for psychological treatment (IES > 30). Combined median-ulnar nerve injuries (mean 

35.0 ± SD 20.3) were accompanied with a higher psychological stress compared to the single 

nerve injuries (median: mean = 24.2 ± 20.6 and ulnar: mean = 22.6 ± 19.5: respectively p = .049 

and p = .021). Multiple linear regression adjusting for age, sex and severity of the trauma revealed 

an association between the IES-score and functional symptom score (FSS) (Beta = 0.51, 95%CI: 

0.35 - 0.65), mean TOW (Beta = 0.44, 95%CI: 0.25 - 0.75) and motor recovery (Grip: Beta = 0.37, 

95%CI: 0.09 - 0.65; Tip-pinch: Beta = 0.46, 95%CI: 0.13 - 0.80). Patients with higher scores on 

the IES were found to be at increased risk for incapacity for work (OR 3.32, 95%CI: 1.60 - 6.91). 

High education was found to be a protecting variable for post traumatic psychopathology 

(Beta = −0.23, 95%CI: −6.05 - −.246).

Conclusions – This study demonstrated a high level of early posttraumatic psychological stress 

following forearm and wrist nerve injuries. These data provide evidence that functional outcome 

and work resumption are negatively infl uenced by early psychological stress, independent 

from severity of the somatic trauma. This indicates that outcome following upper extremity 

nerve injuries may be positively infl uenced by psychological intervention.
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INTRODUCTION

Inability to use the hand, no matter the “causation” will have major consequences. Traumatic 

upper extremity nerve injuries are leading causes of severe functional disability and prolonged 

incapacity for work.1 Post injury rehabilitation is often seen in physical terms, on the other 

hand it has been suggested that the psychological state of the patient may aff ect outcome.2 

Injuries of the hand attack the personality itself and therefore psychological factors could play 

an important role in the fi nal functional outcome of the therapy.2 - 6

In literature growing attention can be perceived on patients’ quality of life.7 It has been 

suggested that psychological morbidity is an important part of patients perceived general 

health.8 Posttraumatic stress (PTS) among trauma patients is a well-recognized phenomenon 

and disabling consequence of trauma.9 Although, functional disabilities are extensively 

examined, few investigations have focused on psychological stress following upper extremity 

traumas. Former contributions dealing with psychological stress indicated that peripheral 

nerve injury patients are at risk to develop psychological problems.10,11 Ninety-four percent of 

severe hand injuries experience psychological symptoms early in rehabilitation.12 

Disability prevention has stimulated eff orts to recognize contributing factors for functional 

outcome. Several studies have identifi ed risk factors for disappointing functional recovery 

following upper extremity nerve injuries.13 - 17 However to our knowledge, the long-term eff ect 

of early post-traumatic psychological stress on functional outcome has not been previous 

investigated. Outcome following a peripheral nerve injury is related with the severity of the 

trauma.18 In addition, severity of the trauma is associated with the development and the amount 

of post-traumatic psychological stress.19 This indicates that psychological stress may thus be 

associated with outcome, by an indirect pathway (severity of the trauma). But its relationship 

might also be a more directly character, i.c. by the impact of distress on the outcome.

The present investigation was designed to evaluate the psychological impact of forearm nerve 

injuries and to assess the incidence of post-traumatic psychological stress. The main objective 

was, to examine to what extent psychological stress has an eff ect on functional outcome and 

return to work. Furthermore, we aimed to identify risk factors for early psychological stress.

PATIENTS AND METHODS

Study cohort

The study cohort was defi ned as all subjects who entered the Academic Hospital Rotterdam 

for operative treatment of a median, ulnar or combined median-ulnar traumatic nerve injury 

during the period between January 1990 and December 1998. We reviewed all medical 

records of patients who suff ered an upper extremity nerve injury. A peripheral nerve injury 

chart was designed to score baseline data about: etiology, diagnosis, treatment, complications 
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and work status. To participate in this study the forearm nerve injuries were required to meet 

three entrance criteria. 1) A trauma of at least a single ulnar or median nerve located within the 

area between the wrist crease (distal border) and the fl exor elbow crease (proximal border). 

2) Patients had to be 12 years or older at the day of their injury and 3) Excluded were subjects 

diagnosed with complete amputation of the hand followed by a replantation, patients with 

associated hand and or forearm fractures and excluded were patients with amputation of hand 

or digits. Concerning the entrance criteria 136 patients were included.

Follow-up data were collected in two ways: a questionnaire package and a follow-up session 

at our outpatient clinic. Hospital medical records, general practitioner and municipal archives 

were consulted to trace the primarily selected patient sample. A questionnaire package was 

mailed to the included individuals with a cover letter requesting participation in a retrospective 

follow-up study on psychological consequences following a trauma of the forearm. Patients 

were asked to complete the questionnaires. The questionnaire package consisted the Impact 

of Event Scale (IES), DASH (Disabilities of Arm, Shoulder, and Hand) and a questionnaire 

concerning profession and return to work potential. For the Impact of Event Scale the study 

population had to answer the IES, for the fi rst month post-operatively. Three follow-up mailings 

were sent to non-responders at a two-month interval. This resulted in a study sample of 107 

patients (response rate 79%). Thirteen (13) subjects rejected participation. Of the remaining 

non-responders, 13 were untraceable (moved to foreign countries or were not known by 

municipal records), 1 patient was kept in a foreign prison and 2 patients died without any 

relation to the surgery.

The protocol of the study was approved by the Medical Ethics Committee of Academic 

Hospital Rotterdam ‘Dijkzigt’ and informed consent was provided by all participants. 

Psychological assessment

The Impact of Event Scale (IES)20 was selected to establish psychological impact and post-

traumatic psychological stress, as contributing risk factors for functional outcome and return 

to work potential. Since its introduction in 1979, by Horowitz and co-authors, it is widely used. 

The Impact of Event Scale, is a 15-item self-report questionnaire that assesses stress-related 

symptomatology and records patient’s subjective responses to the traumatic event. Patients 

were asked to rate questions such as: “I had trouble falling asleep or staying asleep, because of 

pictures or thoughts about it that came into my mind”, “I tried not to think about it” and “Any 

reminder brought back feelings about it”. Each item has a scoring range of 0 - 5 on a 4-point 

scale (0 = not at all, 1 = rarely, 3 = sometimes and 5 = often), with seven items covering intrusive 

symptoms and eight items avoidance symptoms. Total IES scores range from 0 to 75 (worst 

score). The results on the clinical utility of the IES, showed that the Impact of Event Scale has 

suffi  cient reliability and validity to warrant its use as a clinical screening method for traumatic 

stress.21,22
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Outcome measures

Outcome could be studied with respect to functional recovery, Return To Work, Time Off  Work 

(range 0 - 52 weeks), sensory and motor recovery. To assess functioning in daily living, the 

DASH-questionnaire (baseline assessment) was used according to version 2.0 (may 1997).23,24 

Using a self-report system, patients attribute scores 1 - 5, on thirty items relating to functional 

activities and symptoms. The raw functional symptom score (FSS) is transformed to a 0 - 100 

scale, whereby 0 refl ects minimum and 100 maximum disability. A questionnaire concerning 

profession and return to work had been developed by the authors and was applied to examine 

return to pre injury work and time till work resumption (in months). 

Patients who returned the questionnaires were invited to our hospital for a visit in an 

outpatient setting. Subjects who were unable to come to our hospital were visited at home. 

During a one-hour session motor and sensory recovery were examined. Furthermore patients 

were requested to complete the IES again for the current psychological status. A research fellow 

who did not operate on any of the patients and was not involved in the post-operative treatment 

performed the assessment. In addition, the follow-up session was used to check accuracy of the 

self-reported outcome data and to complete the questionnaires in case of incompleteness.

To assess motor recovery, grip strength and tip-pinch grip strength were measured using 

respectively, Jamar hand dynamometer and pinch gauge meter (kilograms force) (DeRoyal, 

TN, USA).25 Both the injured and uninjured hand were tested three times. In case the third 

measurement was highest, a fourth measurement was performed. All results were noted and 

the mean was calculated. Results were mapped as percentage loss compared to the unaff ected 

hand with a scoring range of −100% to 100%. Corrections for hand dominance were made.26 

In case the right hand was the dominant hand, the left hand was considered to have 10% less 

grip- and tip pinch-strength than the right hand, in case the left hand was the dominant hand, 

the right hand and left hand were considered to be equally strong. In fi ve cases the aff ected 

hand was slightly stronger (> −10) than the unaff ected hand after a mean of 5.5 years of follow-

up. For statistical analysis these cases were considered as 0% grip- or tip pinch-strength loss.

Sensory recovery was tested with Semmes-Weinstein monofi laments (North Coast Medical 

Inc, CA, USA). The monofi laments (2.83, 3.61, 4.31, 4.56 and 6.10) were used according to the 

procedure described by Bell-Krotosky.27 Ten zones in the hand were tested, 6 in the area of the 

median nerve and 4 in the area of the ulnar nerve. The scores were interpreted as suggested 

by Imai,28 and are listed in table 1. Patients who did not respond on the ‘6.10’-fi lament were 

considered as untestable.

In two patients nerves of both the left and right arm were injured. No valid reference for 

sensory and motor recovery could be obtained. Therefore these patients were excluded from 

analysis concerning sensory and motor recovery.
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Statistical methods

Responders and non-responders were compared to identify if selection bias had occurred. 

The subjects were compared, using chi-square analysis for categorical data and t-tests for 

continuous variables. Diff erences in early psychological stress between median, ulnar and 

combined median-ulnar nerve injuries were obtained with analysis of covariance (ANCOVA), 

controlling for age and gender. Subjects who attempted suicide (n = 7, 6.5%) were excluded 

from the analysis concerning the Impact on Event Scale. To investigate the association between 

psychological stress and functional outcome, a homogenous population was needed. Most 

nerve injuries have an accidental cause. Inclusion of the patients who attempted suicide might 

lead to misinterpretation of the results. 

We performed logistic regression analysis to estimate odds ratio (OR) and 95% confi dence 

interval (CI) for the association between post operative psychological stress and return to work 

within one year, adjusting for age, sex and severity of the trauma. Multiple linear regression 

analysis was used to describe the relation with continuous outcomes. The Beta coeffi  cient 

indicates the predicted increase of the outcome variable for each unit increase in the predicting 

variable. Multiple linear regression analysis was applied to identify early psychological stress as 

a predictor of sensory recovery, motor recovery, functional symptom score and time off  work. 

Age, gender and severity of the trauma (= number of severed structures, range 1 - 15) were 

always included as confounding factors. Means for the outcome variables according minor, 

moderate and severe psychological stress were obtained with analysis of covariance (ANCOVA), 

controlling for age, gender and severity of the trauma. All test were performed two-sided and a 

p-value of < .05 was considered as statistically signifi cant. Data analyses were performed using 

SPSS statistical software, version 9.0.

RESULTS

Study sample

Characteristics of responders and non-responders are presented in table 2. The responders 

and non-responders had similar age and gender distributions and no statistical diff erence was 

found for severity of the injury. 

Table 1. Interpretation of Semmes Weinstein monofi laments

Quality of sensation (range 1 - 5) Filament marking

Normal (= 1) 1.65 - 2.83

Diminished light touch (= 2) 3.22 - 3.61

Diminished protective sensation (= 3) 3.84 - 4.31

Loss of protective sensation (= 4) 4.56 - 6.65

Untestable, no sensation (= 5) > 6.65
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Data are reported for the 107 patients who were willing to participate. The study sample 

consisted of 85 male and 22 female (m : f = 3.9:1), with a mean age of 30.7 years (SD:12.0 and 

range 14 - 67) at the day of repair. Accidental injuries at work was the primary cause of trauma 

(31.8%), followed by activities at home (29.0%), nightlife (13.1%), victim of some sort of violence 

(8.4%), suicide attempt (4.7%) and others (e.g. sport accidents, 7.5%). Mean follow-up time was 

5.5 years (range 1 - 10 years).

Psychological impact

The results from the Impact of Event Scale (IES) revealed that 94% of the study sample 

experienced psychological stress within the fi rst month post-operatively (mean score 

25.8 ± 20.5). Thirty-six (36.1%) percent of subjects reported suffi  cient symptoms to be in 

need for psychological treatment, on basis of scores greater than 30. The average scores on 

the Impact of Event intrusion and avoidance subscales were respectively, 14.2 (SD:10.8) and 

11.5 (SD: 10.8). Twenty-eight percent (28%) of the subjects reported above the threshold 

for severe psychological stress, that is a score of 40 on the IES. A minor response (< 18) was 

reported by 41% and a moderate response (18 - 39) by 31% of the study sample. Combined 

median-ulnar nerve injuries reported higher psychological stress (mean = 35.0 ± 20.3) within 

the fi rst month postoperatively, than the single nerve injuries (median: mean = 24.2 ± 20.6 and 

Table 2. Characteristics of responders (n = 107) and non-responders (n = 29)

Characteristic Responders
(n = 107)

Non-responders
(n = 29)

Age
 Mean ± SD
 Range

30.7 ± 12.0
14 - 67

28.9 ± 12.0 
15 - 61

Sex (%)
 Male
 Female

85 (79)
22 (21)

20 (69)
 9 (31)

Type of injury (%)
 Median
 Ulnar
 Combined

44 (41)
41 (38)
22 (21)

15 (52)
11 (38)
 3 (10)

Dominant hand aff ected
 Yes (%)
 Unknown (%)

64 (59)
 7 (6)

13 (45)
 6 (21)

Structures aff ected
 Mean ± SD
 Range

5.8 ± 4.1
1 - 15

5.5 ± 4.1
1 - 15

Lesion (%)
 Sharp
 Crush
 Avulsion
 Unknown

73 (68)
16 (15)
13 (12)
 5  (5)

23 (79)
 3 (10)
 2 (7)
 1 (3)

SD = Standard deviation.
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ulnar: mean = 22.6 ± 19.5: respectively p = .049 and p = .021). No diff erence was found between 

median and ulnar nerve injuries (p = .707). In the multiple linear regression model adjusted for 

age (table 3), the signifi cant independent predictors of post-traumatic psychological stress 

were number of severed structures (Beta = 0.99, p = .038), combined median ulnar nerve 

injuries (Beta = 12.2, p = .012) and gender (Beta = 12.9, p = .008). Education (1 = did not fi nish 

primary school - 7 = universal degree) was found a protecting variable for psychological stress 

(Beta = −0.23, p = .034). Concomitant arterial bleeding and injury of the dominant hand, were 

not signifi cantly associated with the amount of psychological stress, after adjustment for 

confounding factors. Patients who attempted suicide (n = 7) reported higher psychological 

stress (mean 34.7 ± 35.8), however this was not statistical signifi cant (p = .234). Mean IES score 

on average 5.5 years after the trauma, assessed during follow-up, was 6.5 (SD: 12.4) and 4 

percent of the patients reported an IES > 30. 

The results of multiple linear regression analysis on early psychological stress as a predictor 

of several outcome variables are shown in table 4. The early psychological stress, within the fi rst 

month, measured with the Impact of Event Scale (IES), was associated with functional outcome. 

Multiple linear regression adjusting for age, sex and severity of the trauma (= number of severed 

structures) revealed a positive relation between the IES-score and Functional Symptom Score 

(FSS) (Beta coeffi  cient = 0.51, 95%CI: 0.35 - 0.65, p < .001). Motor recovery, as assessed by grip-

Table 3. Multiple linear regression analysis: Adjusted* betas (95% confi dence intervals) for association between predicting 

variables and early psychological stress†

Predicting variables Beta 95% CI p-value

N. of severed structures (1 - 15) .99 0.05 - 1.92 .038

Single vs combined 12.2 2.73 - 21.6 .012

Gender (male vs female) 12.9 3.5 - 22.7 .008

Arterial bleeding .98 −6.91 - 8.86 .807

Education (1 - 7) −.23 −6.05 - −0.25 .034

Dominant hand aff ected 2.6 −5.91 - 11.0 .550

Beta = beta coeffi  cient; CI = confi dence interval
* Adjusted for age
† As defi ned by the IES, score ranging from 0 (no psychological stress) to 75.

Table 4. Multiple linear regression analysis: Adjusted* betas (95% confi dence intervals) for association between early 

psychological stress† and several outcome variables

Outcome variables Range Beta 95% CI p-value

Functional recovery (FSS) 0 - 100 .51 0.35 - 0.65 < .001

Grip strength loss 0 - 100 .37 0.09 - 0.65  .01

Tip-pinch strength loss 0 - 100 .46 0.13 - 0.80  .007

Sensory recovery 1 - 5 .01 −0.01 - 0.02  .409

Time off  Work (TOW) 0 - 52 .44 0.25 - 0.75 < .001

Beta = beta coeffi  cient; CI = confi dence interval
* Adjusted for sex, age and severity of the injury (= number of severed structures)
† Assessed by the IES, continuously (range 0 - 75) 
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strength and tip-pinch grip strength, was signifi cantly associated with IES-score (respectively, 

p = .010 and p = .007). Sensory recovery was not aff ected by early psychological stress (Beta 

coeffi  cient = .01, 95%CI: −0.01 - 0.02, p = .409). Adjusted means for the outcome variables 

according minor, moderate and severe psychological stress are presented in table 5. 

Subjects who were able to restart working within one year, had lower IES scores than 

those who were not reemployed within one year (18.5 ± 16.2 vs 34.3 ± 18.3, p < .001). After 

adjustment for age, sex and severity of the injury, logistic regression analysis showed that 

patients with higher (classifi ed as minor, moderate and severe) psychological stress, according 

the IES morbidity scale, were found to be at increased risk for incapacity for work (OR = 3.32, 

95%CI: 1.6 - 6.91, p = .001). This can be interpreted, that patients who suff ered severe early 

posttraumatic psychological stress are six times more likely not to return to work within one 

year, compared to the group which reported a minor psychological stress. Mean Time Off  Work 

(TOW) was 32.7 weeks (SD: 21.1). In multiple linear regression analysis, adjusted for age, sex and 

severity of the injury, early psychological stress showed to be a predictor of time off  work (Beta 

coeffi  cient = 0.44, 95%CI: 0.25 - 0.75, p < .001).

DISCUSSION

In this study the association between posttraumatic psychological stress and diff erent outcome 

variables following trauma of upper extremity nerves was investigated. Our results showed that 

psychological stress following traumatic upper extremity injuries is considerable. Combined 

median-ulnar nerve injuries are at greater risk of early psychological stress than single nerve 

injuries. Furthermore, this study identifi ed early psychological stress after injury (high scores 

on the impact of event scale) as a prognostic indicator for functional recovery, motor recovery, 

capacity for work and time till work resumption. High educational level was associated with 

lower levels of post-traumatic psychological stress.

Upper extremity nerve injuries are a major cause of morbidity and can cause long lasting and 

in some cases, permanent disability. In addition, it was not surprising to discover the presence of 

posttraumatic psychological stress following median and ulnar nerve injuries. Even for a patient 

with a good psychological status, it is hard to live with a partly paralyzed hand. According to 

Table 5. Adjusted* means for the outcome variables according minor, moderate and severe psychological stress†

Adjusted means for: Minor Moderate Severe p-value

Functional recovery (FSS) (0 - 100)  8.3 19.8 34.9 < .001

Grip strength loss (0 - 100) 16.8 21.8 31.1  .09

Tip-pinch strength loss (0 - 100) 23.2 32.0 44.1  .06

Sensory recovery (1 - 5)  2.7  3.6  3.2  .06

Time off  Work (0 - 52) 23.5 33.5 45.3  .001

* Adjusted for sex, age and severity of the injury
† Assessed by the IES: minor IES < 18, moderate IES 18 - 39 and severe IES 40 - 75 
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the DSM IV, Posttraumatic Stress Disorder is characterized by persistent reexperiencing of the 

traumatic event, avoidance of stimuli associated with the trauma and numbing of general 

responsiveness and persistent symptoms of increased arousal.29 Comparing psychological 

stress of forearm nerve injuries with previously reported impact scores of other stressful events, 

it can be concluded that disability of hand-function is a stressful event. This study observed 

an average IES-score of 26, which is comparable to the psychological distress found among 

survivors of the disaster with the cruise-ship Estonia.30 Grunert and colleagues demonstrated 

high incidences of psychological stress following hand injuries, mainly in the fi rst two months.4 

Previous studies have reported a decrease of psychological stress during the fi rst two years 

after the accidental injury, which was comparable to our results.31,32 However, psychological 

symptoms following work-related hand injuries were still persistent 18 months post-injury and 

continued to be debilitating.11 In most forearm nerve injuries two years may not be enough for 

adequate motor and sensory recovery.16 Hand and forearm injury patients are concerned about 

their ability to reuse their disabled hands for activities of daily living and work.6 To our opinion 

daily confrontation with a disabled functional hand will cause considerable psychological 

stress and may even exist after two years. Prospective extension is needed to examine this 

hypothesis. 

Our results confi rm and extend the fi ndings of earlier studies that psychological stress is 

related to the intensity of the traumatic event.19,31 Acute psychological stress varied according 

the type and severity of the trauma. No major diff erences in psychological stress could be found 

between single median and single ulnar nerve injuries. Combined median-ulnar nerve injuries 

end in a much worse condition and might even total paralyze the hand.33 It was therefore not 

surprising to fi nd a higher psychological stress for the combined nerve injuries. On the other 

hand, concomitant injury of radial or ulnar artery seemed not to be associated with the post-

traumatic psychological stress. 

Functional status of the hand is a combination of both sensory and motor recovery. 

Functional recovery following nerve injuries is determined by a number of factors. The 

present study revealed a relation between early posttraumatic stress (PTS) and long-term 

functional outcome. These fi ndings are in line with the results that general health outcome is 

compromised by post-traumatic stress disorders.8. Richmond and co-authors found high levels 

of intrusive thoughts to be predictive of severe disability at three months after discharge.10 

Surprisingly, no association was found between the amount of posttraumatic stress and long 

term sensory recovery. Sensory recovery of the hand and fi ngers depends on a reorganization 

of the somatosensory cortex.34 Sensory perception and the process of reorganization will start 

when target skin areas have been reinnervated. Depending on the level of the injury, this may 

take at least several months. It can be expected that the amount of psychological stress is then 

diminished and may less infl uence long-term sensory outcome.

In comparison with earlier studies dealing with RTW potential and morbidity it can be 

concluded, that median-ulnar nerve injuries can be placed among the severe disabling injuries.35 



96

C
ha

p
te

r V
I

While functional impairment is a signifi cant determinant of return to work, many non-medical 

factors infl uence vocational outcome.36 Studies that focussed on diff erent kind of injuries, 

showed that psychological stress was associated with a lower rate of return to work.9,31,37,38 The 

results of the present study indicate that higher levels of early posttraumatic psychological 

stress, following upper extremity nerve injuries, were associated with prolonged time off  work 

(TOW) and reduced ability to return to work. This study fi rstly showed that patients who suff ered 

severe early posttraumatic psychological stress were six times more likely not to return to 

work within one year, compared to the group which reported a minor psychological response. 

Experience of fl ashbacks was found to be an important determinant for prolonged time until 

return to work.39 Recognition and treatment of psychological symptoms may therefore be 

critical to successful return to productivity and a decrease of being on sickness benefi t.

There were a number of limitations to the present study, which have been taking into 

account when interpreting the results. Retrospective data collection will tend to underestimate 

the psychological impact of the nerve injury. After nearly fi ve and a half-year between date of 

trauma and the assessment, patients may have failed to recall their reaction to the traumatic 

injury. Reported psychological impact and associations between the impact and outcome 

values may therefore even be higher. On the other hand, patients with worse functional 

outcome and reduced capacity for work, may tend to exaggerate the psychological stress of the 

trauma, thereby leading to an overestimation of the association between early psychological 

stress and outcome. Furthermore, Brown40 explored a relationship between motivation and 

functional disability following distal upper limb amputations. Since motivation could not be 

measured from our data, we could not exclude this factor to be responsible for a part of the 

association. In addition, we suppose both psychological stress and motivation will infl uence 

the outcome. A combination of severe posttraumatic psychological stress and diminished 

motivation may even result in worse functional recovery. Despite these limitations the data 

from the present study provide evidence for an adverse eff ect of psychological stress on both 

functional recovery and capacity for work.

Upper extremity nerve injury patients face long-term disabilities and diffi  culties in 

rehabilitation. Knowledge of the factors that infl uence rehabilitation is essential if we want 

to reduce the high social costs associated with upper extremity injuries. Early identifi cation 

of those subjects who develop a post-traumatic stress disorder, according DSM IV, may be 

important if we want to increase the effi  ciency of disability prevention. To our opinion patients 

with a severe psychological response on the traumatic nerve injury may be less motivated 

for the post-operative functional rehabilitation program. Diff erent pre- and post surgical 

screening methods can be used to select patients who are at increased risk for post-traumatic 

stress disorder (PTSD).8 Originally the Impact of Event Scale was not designed to diagnose a 

post-traumatic stress disorder. The original intent was to construct an instrument suitable for 

obtaining reports of characteristic experiences from persons with syndromes as PTSD.20 More 

recent investigations on the Impact of Event Scale showed that this questionnaire, which is 
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easily available to clinicians, can be used to identify those people likely to develop PTSD.41 - 43 

Despite low specifi city, IES scores at one week after the trauma can be used to predict a PTSD 

at four months at a cut-off  of 19 on the IES.44 These authors showed that patients whose initial 

scores on the Impact of Event Scale were over 19 have a 12.4 times higher risk of developing 

PTSD, than that of subjects whose scores were 19 or less. Where prediction of post-traumatic 

stress disorder is less certain on the basis of the IES a clinician-administered instrument as the 

CAPS (Clinician Administered PTSD Scale) is recommended.41,45 Rush and co-authors suggested 

a symptom checklist, which can be used by surgeons and physicians, during medical follow-up 

visits, to detect adjustment diffi  culties.46 In case psychological complications are diagnosed, 

a great number of psychological symptoms are potentially treatable. For example, learning 

patients already in an early phase to cope with their handicap. Beside the awareness of a non-

functional hand, non-medical factors as return to work and social consequences were reported 

to be very stressful.47 Further intervention implications can therefore include vocational 

rehabilitation services, social work assistance and family counseling to cope with stress and 

increase support to the patient.47,48 A graded work exposure showed to be an eff ective treatment, 

to promote return to work for patients experiencing signifi cant psychological symptomatology 

after severe hand injury.49 

In conclusion, our fi ndings showed that upper extremity nerve injuries are often accompanied 

by considerable early psychological stress. The amount of psychological stress played a role 

in long-term outcome. Since this study was retrospective, prospective studies are needed to 

confi rm our fi ndings. Post-operatively psychological assistance may thus be of great value 

trying to achieve better functional recovery and reemploy patients. To our opinion this aspect 

must be included in the process of treatment and attention must be paid to these problems 

during rehabilitation. The data of the present study can be applied to modern treatment criteria 

to adapt therapeutic strategy. Hospital caregivers involved in treatment of nerve injuries should 

pay attention to post-traumatic psychological stress.
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CHAPTER 7
COGNITIVE FUNCTIONING AND LEVEL OF INTELLIGENCE 

ARE PREDICTORS FOR FINAL SENSORY RECOVERY 

OF MEDIAN AND ULNAR NERVE INJURIES
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ABSTRACT

Introduction – The denervated hand loses cortical representations. In order to establish 

pre-injury representations, remodelling of the somatosensory cortex is needed. The level of 

cognitive capacity may play a role in this process and may therefore have a substantial eff ect on 

the prognosis. This study was designed to quantify the association between cognitive capacity 

and long-term sensory recovery in terms of perception of touch and pressure. 

Methods – 88 patients diagnosed with a median, ulnar or combined median-ulnar nerve injury, 

operated on between 1990 and 1998, underwent a cognitive evaluation and were assessed for 

sensory recovery on average 5.5 years following surgery. The Stroop Colour Word Test (SCWT), 

the Dutch version of the National Adult Reading Test (NART) and the California Verbal Learning 

Test (CVLT) were used to assess the diff erent components of cognition. Sensory recovery was 

tested with Semmes-Weinstein monofi laments and interpreted according the classifi cation of 

Imai (range 1 - 5). 

Results – Mean sensory recovery was 3.1 (SD: 0.9). Combined median-ulnar nerve injuries 

(mean 3.7 ± 0.7) were accompanied by less sensory recovery compared to the single nerve 

injuries (median: mean = 2.9 ± 0.9 and ulnar: mean = 3.1 ± 0.8, respectively p = 0.02 and p = 0.02). 

No statistical diff erence was found between the single nerve injuries (p = 0.19). Multiple linear 

regression adjusted according to age, sex and education revealed an association between long-

term sensory recovery and SCWT (Beta = 0.30, p = 0.01, 95%CI: 0.01 - 0.02); NART (Beta = −0.39, 

p = 0.02, 95%CI: −0.05 - −0.01) and a number of scores of the CVLT (learning Beta = 0.28, p = 0.04, 

95%CI: 0.02 - 0.64 and perception Beta = 0.25, p = 0.05, 95%CI: 0.01 - 1.29). 

Discussion – The level of cognitive functioning is associated with long-term sensory recovery 

following median ulnar and combined median-ulnar nerve injuries. Sensory re-education and 

cognitive training programs are essential to improve sensory recovery. Functional MRI can be 

used to evaluate the remodelling process of somatosensory cortex and optimize our post-

operative rehabilitation programs.
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INTRODUCTION

Sensibility is one of the most important functions of the hand. Absence of sensation reduces 

the ability to use the hand for daily necessary activities and disables use of the hand without 

eye-control.1 For decades, most peripheral nerve research focused on the nerve lesion. During 

the last two decades, the eff ect of the central nervous system on the outcome of nerve injuries 

has received increasing interest.

Nerve injury outcome studies have shown that sensory recovery depends on a number of 

variables.2 The positive eff ect of sensory re-education was described in the mid 70s, despite the 

fact that the exact mechanism was not understood.3 Additionally, age was shown to be one of 

the most important predicting factors on functional outcome following nerve injuries.4 Even 

without sensory re-education, children can achieve excellent functional recovery following 

forearm nerve injuries.5,6 The exact mechanism for this phenomenon was not understood, 

but Tajima and Imai concluded that capacity for peripheral neural regeneration and cerebral 

plasticity in children is such that excellent recovery of functional sensation in the hand can 

occur without the need for sensory re-education. 

It is known that repair of a complete nerve transection will be accompanied by a certain 

degree of mismatch, which may result in incorrect end-organ innervation. It may therefore be 

reasonable that pre-injury topographical representations of skin areas in the somatosensory 

cortex alter.7 Based on an animal study, Merzenich described that after the median nerve was 

cut and tied, the cortex representing the skin of the median nerve was completely occupied 

by ‘new’ inputs from the ulnar and radial nerves.8,9 To re-establish pre-injury representations, 

extensive remodelling of the somatosensory cortex is needed. Patients with better capacity to 

reorganize the “new” sensory inputs of the somatosensory cortex may have better long-term 

sensory outcome.

The term cognition embraces the processes of perception, attention, learning, memory and 

communication. Cognitive capacity is the ability of the brain to observe and memorize, the 

ability of the brain to adjust to stimuli and the ability of the brain to reorganize, which is also 

called plasticity of the brain. Based on the ability of the central nervous system to adjust to 

incorrect end organ innervation, cognitive capacity may have a great eff ect on the prognosis of 

sensory recovery. Lundborg and Rosen were the fi rst to report (n = 19) an association between 

cognitive capacity and sensory recovery.10,11 They focused on tactile gnosis as functional sensory 

recovery. The exact contribution of cognitive capacity to the recovery of perception of touch 

and pressure (Semmes Weinstein monofi laments), which is the potential for sensory function, 

was not established.

The present study was designed to carry out a large-scale study to determine the association 

between cognitive capacity and long-term recovery of perception of touch and pressure. 

Furthermore, we aimed to quantify the contribution of cognitive functioning to sensory 

recovery.
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PATIENTS AND METHODS

Study population

The study cohort was defi ned as all subjects who entered the Erasmus Medical Center Rotterdam 

Hospital for surgical treatment of a median, ulnar or combined median-ulnar traumatic 

nerve injury during the period between January 1990 and December 1998. Medical records 

were reviewed to extract information on diagnosis and symptoms at entry into treatment. A 

peripheral nerve injury chart was designed to gather data about diagnosis, etiology, treatment, 

complications and demographic characteristics. In order to participate in this study, the 

forearm nerve injuries were required to meet four entrance criteria. 1) A trauma of at least a 

single ulnar or median nerve located within the area between the wrist crease (distal border) 

and the fl exor elbow crease (proximal border) 2). Patients had to be 12 years or older on the 

day of their injury and 3) knowledge of the Dutch language was required to meet the inclusion 

criteria. 4) Excluded were subjects diagnosed with complete amputation of the hand followed 

by a replantation, patients with associated hand and or forearm fractures and also patients 

with amputation of the hand or digits. On the basis of these entrance criteria, 136 patients were 

included over the study period. Hospital medical records, general practitioners and municipal 

archives were consulted in order to trace the initially selected patient population. A letter 

requesting participation was mailed to the selected individuals. Three follow-up mailings were 

sent to non-responders at a two-month interval. This resulted in a population of 88 patients 

who were prepared to undergo cognitive evaluation (response rate: 65%). The protocol for the 

study was approved by the Research Ethics Committee of the Rotterdam University Hospital 

and informed consent was provided by all participants. Data were collected during a follow-up 

session at our out-patient clinic.

Cognitive capacity

Cognitive capacity was assessed at our out-patient clinic by an experienced clinical 

psychologist.

The Stroop Color and Word Test (SCWT) has long been a standard measure in 

neuropsychological assessment.12 The Stroop Color Word Test is based on diff erences between 

the speeds of reading color names, naming colors and naming colors of words that are printed 

in incongruous colors. It measures cognitive fl exibility and provides information about a 

person’s susceptibility to interference eff ects in various mental functions, especially learning 

and memory.13 Validity and reliability are good and its quick and easy administration make it a 

highly useful tool to measure cognitive capacity.13

The NART is a widely used test which was originally devised by Hazel Nelson in 1978.14 

The NART requires people to try to pronounce words that do not follow the usual rules of 

pronunciation. The NART can provide an accurate estimate of premorbid intelligence levels 

and IQ.14,15 The Dutch version of the National Adult Reading Test (NART) was used. 



106

C
ha

p
te

r V
II

California Verbal Learning Test (CVLT)16 is based on a list of words which contains sixteen 

common words, each of which belongs to one of four categories. It is a neuropsychological test 

which can be used to assess an individual’s verbal learning and memory abilities.17 We used the 

offi  cial Dutch version of the California Verbal Learning Test. It scores diff erent components of 

cognition: attention, learning, memory and perception.

Sensory recovery

Sensory recovery was tested with Semmes-Weinstein monofi laments (North Coast Medical Inc, 

Morgan Hill, CA). The monofi laments (2.83, 3.61, 4.31, 4.56 and 6.10) were used according to the 

procedure described by Bell-Krotosky.18 Ten zones in the hand were tested, 6 in the area of the 

Table 1. Interpretation of Semmes Weinstein monofi laments

Quality of sensation (range 1 - 5) Filament marking

Normal (= 1) 2.83

Diminished light touch (= 2) 3.61

Diminished protective sensation (= 3) 4.31

Loss of protective sensation (= 4) 4.56

Anesthetic (= 5) 6.10

Table 2. Characteristics of participants (n = 88) and non-participants (n = 48).

Characteristic Participants
(n = 88)

Non-participants
(n = 48)

Age
 Mean ± SD
 Range

36.3 ± 12.8
17 - 74

33.7 ± 11.4 
15 - 61

Sex (%)
 Male
 Female

68 (77)
20 (23)

37 (77)
11 (23)

Type of injury (%)
 Median
 Ulnar
 Combined

42 (48)
32 (36)
14 (16)

16 (33)
22 (46)
10 (21)

Dominant hand aff ected
 Yes (%)
 Unknown (%)

56 (64)
 0  (0)

19 (40)
13 (27)

Structures aff ected
 Mean ± SD
 Range

5.3 ± 3.8
1 - 15

6.3 ± 4.5
1 - 15

Lesion (%)
 Sharp
 Crush
 Avulsion
 Unknown

62 (70)
12 (14)
10 (11)
 4  (5)

34 (71)
 7 (15)
 5 (10)
 2  (4)

SD = Standard deviation
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median nerve and 4 in the area of the ulnar nerve. The scores were interpreted as suggested by 

Imai (table 1).19 A score of 6.10 was interpreted as anesthetic.

Statistical methods

Participants and non-participants were compared, using chi-square analysis for categorical 

data and t-tests for continuous variables, to detect if selection bias had occurred (table 2). The 

Fisher’s exact test was used in cases where the expected count of the cells was less than 5. 

Multiple linear regression analysis was applied to identify cognitive capacity as a predictor of 

sensory recovery. Age, gender and level of education were included as confounding factors. All 

tests were performed two-sided and a p-value of < .05 was considered statistically signifi cant. 

Data analysis was performed using SPSS statistical software (version 10.1, Real Stats, SPSS Inc., 

IL, USA).

RESULTS

Study population

Eighty-eight patients (65%) were prepared to undergo cognitive evaluation. 9 (7%) subjects 

rejected assessment of cognitive functioning and 10 (7%) had inadequate knowledge of the 

Dutch language. The characteristics of the participants and non-participants are presented in 

table 2. No statistical diff erence was found between the participants and non-participants for 

age (p = 0.40), gender (p = 1.0), type of injury (p = 0.27), injury of the dominant hand (p = 0.41), 

number of structures (p = 0.21) and lesion (p = 0.90). 

Sensory recovery

Mean sensory recovery, on average 5.5 years following surgery, was 3.1 (SD: 0.9). Combined 

median-ulnar nerve injuries (mean 3.7 ± 0.7) were accompanied by less sensory recovery 

compared to the single nerve injuries (median: mean = 2.9 ± 0.9 and ulnar: mean = 3.1 ± 0.8, 

respectively p = 0.02 and p = 0.02). No statistical diff erence for sensory recovery was found 

between the single median and ulnar nerve injuries (p = 0.19). Frequency distribution for quality 

of sensation is given in table 3.

Association between cognitive capacity and sensory recovery

Association between cognitive capacity measured by diff erent tests and sensory recovery is 

shown in table 4.
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Sensory recovery is one of the most important outcome markers following peripheral nerve 

surgery. The combination of sensory, motor recovery and discomfort are responsible for 73% of 

the fi nal outcome.20 Without sensation the hand is blind.3 

Clinical outcome of upper extremity nerve injuries is not much diff erent from that of 25 years 

ago.21 Despite microsurgical repair and all the modern surgical techniques and suture materials, 

full sensory recovery following nerve injuries is scarcely ever achieved. In our study, ‘good’ 

sensory (normal and diminished light touch) was achieved in 24% of the study population. These 

results do not greatly diff er from the results of previous outcome studies.22,23 It is well known 

from the literature that children achieve better functional recovery compared to adults. Back in 

1962, Onne24 already described better functional sensibility in younger patients. Many others 

confi rmed his fi ndings.25 - 32 It has been supposed that they achieve better sensory outcome due 

to their continual curious investigation of their environment 3 Recently, a well-defi ned critical 

period for sensory relearning after nerve repair was described.33 The curve correlates with 

previously published data on critical periods for language acquisition among immigrants.33 

The superior ability of children to adjust the central nervous system to the misdirected axons 

seemed to be of greater importance in relation to their better results.

The physical changes in the brain resulting from new memories, the addition of new 

neurons, changes in hormones and trauma all point to constant remodelling of the brain.34 

Reprogramming the ‘brain computer’ to adjust to the new sensory stimuli is necessary to regain 

Table 3. Frequency distribution for quality of sensory recovery

Quality of sensation Filament No. of Patients

Normal 2.83  2  (2.3%)

Diminished light touch 3.61 20 (22.7%)

Diminished protective sensation 4.31 38 (43.2%)

Loss of protective sensation 4.56 24 (27.3%)

Anesthetic 6.10  4  (4.5%)

Table 4. Multiple linear regression analysis: Adjusted* betas (95% confi dence intervals) for association between cognitive 

capacity and sensory recovery

Cognitive capacity Beta 95% CI p-value

Stroop Colour Word Test (SCWT) 0.30 0.01 - 0.02 p = 0.01

National Adult Reading Test (NART) −0.39 −0.05 - −0.01 p = 0.02

California Verbal Learning Test (CVLT)
Attention
Learning
Memory
Perception

0.25
0.28

−0.64
0.25

−0.01 - 0.59
0.02 - 0.64

−0.39 - 0.24
0.01 - 1.29

p = 0.06
p = 0.04
p = 0.62
p = 0.05

Beta = beta coeffi  cient; CI = confi dence interval
* Adjusted for sex, age and education
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functional sensory recovery. Lundborg and Rosen were the fi rst to fi nd a relationship between 

specifi c cognitive capacities and functional sensory recovery.10,11 They focused on tactile gnosis 

as functional sensory recovery. We found an association between specifi c cognitive capacities 

and long-term recovery of perception of touch and pressure, which is the potential for sensory 

function. Based on a small number of patients (n = 19) Rosen and Lundborg only found verbal 

learning and visuo-spatial ability to be associated with functional sensibility. Our study showed 

that in addition to specifi c verbal learning capacities, cognitive fl exibility and level of intelligence 

also appeared to aff ect the level of sensory recovery. We did not include tests to investigate 

visual spatiality. Higher visuo-spatial capacities might also be associated with sensory recovery. 

Further research is needed to confi rm this hypothesis. Based on our results, specifi c cognitive 

training programs may improve sensory outcome following peripheral nerve injuries. Cognitive 

training and rehabilitation programs have already been shown to be eff ective for patients with 

focal seizures35, brain injuries36 and dementia37 Furthermore, cardiovascular fi tness can aff ect 

improvements in the plasticity of the brain and results in increased functioning of key aspects 

of the attentional network of the brain.38 - 40

It is obvious that there must be other factors, besides cognitive capacity, to explain the 

diff erence in clinical sensory results. Since it is not possible to infl uence the factors regarding 

the injury, eff orts should be made to intervene with the postoperative predicting variables. The 

results of the present study reconfi rm the importance of sensory re-education. A positive eff ect 

of sensory re-education was described in the mid 70s.3,41 A program of sensory reeducation 

minimized discomfort and improved sensibility in the postoperative period.41,42 Furthermore, 

patients who followed a specialized hand therapy program, which focuses on early passive 

motion, muscle strength and sensory re-education, had a higher chance of getting back to 

work.43,44

Neuroimaging especially fMRI, is an immensely powerful tool for cognitive research. It 

appears to make it possible to discover which brain circuits are responsible for specifi c cognitive 

processes34. Based on our results, the possibility of assessing, visualizing and infl uencing the 

reorganization process of the brain will be an important goal to improve sensory recovery and 

functional outcome of the hand. The diff erent digits of the hand have already been visualised 

separately in the somatosensory cortex and quantifi ed for their activation.45 - 48 The ability to 

visualize the somatosensory cortex will help us to determine the exact time interval for the 

axons to reach their target organs. In addition, the amount of mismatch can be visualized. Our 

sensory re-education program can be adjusted to the type and amount of mismatch which has 

been visualised by the fMRI. A fi rst pilot study has shown better sensory recovery when sensory 

re-education was adjusted to the results of the fMRI (www.hand.mas.lu.se) A large randomized 

clinical trial is needed to confi rm this fi nding.

An increasing number of studies suggest that cortical reorganisation is one of the reasons for 

sensory dysfunction.49 - 52 Lundborg stated that outcome from nerve repair depends mainly on 

central nervous system factors including functional cortical reorganisational processes caused 
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by misdirection in axonal outgrowth.51 This study contributes to the growing evidence that 

cognitive functioning is related to the sensory outcome of wrist and forearm nerve injuries. 

Knowledge of cognitive capacity may therefore be of importance to predict sensory recovery 

following forearm nerve injuries.
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MEDIAN AND ULNAR NERVE INJURIES: A METAANALYSIS 

OF PREDICTORS OF MOTOR AND SENSORY RECOVERY 

AFTER MODERN MICROSURGICAL NERVE REPAIR
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ABSTRACT

Background – The aim of this study is to quantify variables that infl uence outcome after median 

and ulnar nerve transection injuries. We present a meta-analysis based on individual patient 

data on motor and sensory recovery after microsurgical nerve repair.

Methods – Twenty-three articles were ultimately included, giving individual data for 623 

median or ulnar nerve injuries. The variables age, gender, nerve, site of injury, type of repair, 

use of grafts, delay between injury and repair, follow-up period and outcome were extracted. 

Satisfactory motor recovery was defi ned as MRC grade 4 and 5, satisfactory sensory recovery as 

MRC grade 3+ and 4. For motor and sensory recovery, complete data were available for 281 and 

380 nerve injuries respectively.

Results – Motor and sensory recovery were signifi cantly associated (Spearman r = 0.62, p < 0.001). 

Multivariate logistic regression analysis showed that age (< 16 years versus > 40 years OR = 4.3, 

95% CI 1.6 - 11.2), site (proximal versus distal OR = 0.46, 95% CI 0.20 - 1.10) and delay (per month 

OR = 0.94 95% CI 0.90 - 0.98) were signifi cant predictors of successful motor recovery. In ulnar 

nerve injuries the chance of motor recovery was 71% lower than in median nerve injuries 

(OR = 0.29, 95% CI 0.15 - 0.55). For sensory recovery age (OR = 27.0, 95% CI 9.4 - 77.6), and delay 

(per month OR = 0.92, 95% CI 0.87 - 0.98) were found to be signifi cant predictors.

Conclusions – In this individual patient data meta-analysis age, site, injured nerve and delay 

signifi cantly infl uenced prognosis after microsurgical repair of median and ulnar nerve 

injuries.
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INTRODUCTION

Peripheral nerve injuries in general have a great impact on the patient’s life. The amount of 

posttraumatic stress accompanying traumatic hand and forearm injuries is equal on the IES 

scale to the amount of stress experienced by survivors of the disaster with the cruise ship 

Estonia.1 When motor and sensory function in the hand are altered, return to work activity may 

be jeopardized. Despite improvements in treatment, recovery after peripheral nerve injuries 

is not only often disappointing, but also diffi  cult to predict. For both patient and doctor it is 

necessary to prognosticate the chances of recovery, so that treatment expectations can be 

realistic and appropriate rehabilitation measures can be taken. In previous literature, a number 

of factors have been found to predict motor and sensory recovery after peripheral nerve injury. 

These include age, delay between injury and repair and surgical technique. However, despite 

numerous published reports on peripheral nerve repair there is no agreement on which 

variables are independent predictors of a successful prognosis and the eff ect of the predictors 

is not quantifi ed. Although some excellent reviews have been published on nerve grafting2,3, 

only Frykman performed a meta-analysis.4 In 114 median nerve injuries and 98 ulnar nerve 

injuries it was found that type of nerve, age, gap length and level of injury aff ected outcome. 

He based his results on 10 studies published between 1972 and 1988. 

At present, a larger number of studies with detailed individual data are available, which 

enabled us to do an individual patient data meta-analysis5 examining independent predictors 

of motor and sensory recovery. Predictors that could be investigated included age, gender, site 

of injury, median or ulnar nerve, combined median and ulnar nerve injuries, delay between 

injury and repair, the use of grafts, gap length and follow-up period. This is the largest meta-

analysis with individual data on outcome after repair of median and ulnar nerve injuries 

undertaken so far. 

MATERIAL AND METHODS

A literature review up to April 2004 was performed to collect publications on outcome of 

median or ulnar nerve repair after transection injury. Studies were found by using the following 

search strategy: (Median Nerve/surgery [MAJR] OR Ulnar Nerve/surgery [MAJR]) AND (nerve 

repair (text word) OR outcome (text word)) with the limits English and human in the Pubmed 

database. With this strategy 122 articles were found. Additionally, the text word “spaghetti 

wrist” was entered, which gave 8 hits. A reference check was performed and the Cochrane 

database was searched. No eff ort was made to fi nd unpublished reports or fugitive literature. 

Abstracts were screened by AR to select qualifying studies according to the in- and exclusion 

criteria. Included are studies that use microsurgical techniques for median or ulnar nerve repair 

and give individual data on sensory and/or motor recovery outcome scores using the British 
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Medical Research Committee scale.6 - 28 In a number of studies the assessment method was not 

the BMRC motor or sensory scale29 - 35, or the individual data were not given.36 - 61 Furthermore, 

case reports62 - 68, iatrogenic injuries69 - 73, partial nerve injuries74,75, war or gunshot injuries76 - 78, non-

microsurgical repair79 - 89 and repair with the aid of experimental techniques.90 - 94 were excluded.

Ultimately, 23 studies were suitable for inclusion in this individual patient data meta-analysis. 

The following data were extracted from the studies: age at time of injury, gender, injured nerve, 

type and site of injury, adjacent injuries, delay between injury and repair, type of repair, use of 

grafts, length of gap, follow-up period and motor and sensory BMRC-scores. The British Medical 

Research Council introduced in 1954 scales for motor and sensory testing of peripheral nerve 

function.95 Part of the sensory scale consists of two-point discrimination measurement. This 

has been demonstrated to be a widespread, often used measurement of sensibility in the 

hand.96 - 100 Manual muscle testing is a widespread method for the testing of motor function and 

has adequate intra and interobserver reliability.98,101

Groups were classifi ed as follows. Age: < 16 years, 16 - 25 years, 26 - 40 years and > 40 years. 

Injured nerve: median, ulnar or combined median and ulnar nerve injury. Delay between injury 

and repair was counted in months. Site of injury: low (wrist and distal two third of the forearm), 

intermediate (proximal one third of the forearm and the elbow) and high (upper arm). The use 

of autologous nerve grafts was also noted. The remaining gap after removal of injured nerve 

ends was grouped as ≤ 50 mm or > 50 mm. Follow-up time was counted in years: < 1 year, 

1 to ≤ 2 years, 2 to ≤ 3 years and > 3 years. Although various classifi cations have been made 

previously, we choose to classify satisfactory motor recovery as BMRC grade M4 or M5 and 

unsatisfactory as BMRC grades M0 to M3. Based on clinical experience, we classifi ed satisfactory 

sensory recovery as BMRC grade S3+ and S4 and unsatisfactory as BMRC grades S0 to S3. 

Data analysis

All data analyses were performed using SPSS for windows, release 10.1. Data analyses were 

separately performed for sensory recovery and motor recovery. In the fi nal model, only subjects 

with complete data on all risk factors were included, resulting in 380 cases for sensory recovery 

and 281 cases for motor recovery. The association between each predictor and recovery was 

fi rst assessed by univariate logistic regression analyses, with the odds ratio (OR) and 95% 

confi dence interval (95%CI) as measure of association. The above-described risk factors were 

all tested. Additionally, we adjusted for study, since heterogeneity of the studies may aff ect 

the relation between risk factors and outcome. Variables that were univariately associated with 

motor or sensory recovery (p < 0.10) were then included in a multivariate logistic regression 

model to evaluate the independent contribution in the prediction of recovery. Model reduction 

was performed by excluding variables that were not borderline signifi cantly related with 

recovery (OR with p < 0.10) from the overall model. To assess the predictive or discriminative 

ability of the models we calculated the area under the receiver operating characteristics curve 

(ROC area) with 95% CI. The ROC curve of a multivariate logistic model plots the sensitivity and 
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1-specifi city at each consecutive threshold in the range of predicted probabilities of the model. 

The area under this curve, i.e. the ROC area, can range from 0.5 (no discrimination between 

subjects with and without recovery) to 1.0 (perfect discrimination).

RESULTS

Of the collected studies, 23 gave appropriate individual data and were included in our 

meta-analysis (Table 1). Of the studies that could not be included in our meta-analysis due 

to lack of individual data, the ones with more than 100 nerve repairs (n = 5) are described in 

Table 2.37,46,47,54,60 All studies were retrospective observational studies. The number of nerve 

injuries included per study ranged from 6 - 88, and a total of 623 nerve injuries were available. 

In the fi nal model, only subjects with complete data on all risk factors were included, resulting 

in 380 cases for sensory recovery and 281 cases for motor recovery. A description of the study 

population is given in Table 3.

A satisfactory sensory outcome was achieved in 42.6% of the patients and a satisfactory motor 

outcome in 51.6%. Motor and sensory recovery outcome scores were signifi cantly correlated 

Table 1. Description of included studies

Author and year of publication n Nerve Age (yrs)
Mean/ range

FU (months)
Mean/ range

Delay(months)
Mean/ range

Hakistan12 1968 13 M/U/C  –  –  –  –  0 0 - 0

Millesi17 1972 65 M/U 33  7 - 67 22  6 - 48  9.2 0 - 56

Walton & Finseth10,27 1977  8 M/U 27 16 - 51 23 10 - 31 17.6 3 - 84

Ito13 1976 20 M/U 28  2 - 68 48  –  – –

Millesi18 1976 22 M/U 30 11 - 69 35  9 - 48 12.4 1 - 49

Moneim19 1982 20 M/U 33 14 - 79 25 10 - 36 14.3 0.5 - 48

Stellini22 1982 39 M/U  – 15 - 65 31 18 - 52  – –

Tackmann25 1983 41 M/U 34  7 - 72 20  4 - 59  0 0 - 0

Puckett20 1985 46 M/U/C 22  1 - 61 40 12 - 84  0 0 - 0

Stevenson23 1986 10 C  5  3 -  9  – > 15  0 0 - 0

Jongen15 1987 22 M/U 20  4 - 58 24 12 - 60  0 0 - 0

Frykman11 1988 13 M/U 27  3 - 51 60 18 - 120  6.1 1 - 30

Barrios7 1989 44 U 29  6 - 69 24 > 6  5.2 0 - 23

Rogers24 1990  8 C 26 17 - 47 74 24 - 132  0 0 - 0

Widgerow28 1990 30 M/U/C 34 13 - 63 36 20 - 60  0 0 - 0

Barrios8 1991 31 M/U  9.5  4 - 15 24 12 - 60  8.2 0 - 70

Daoutis9 1994 88 M/U 31  8 - 52 26 > 24  4.6 1 - 24

Trumble26 1995 13 M/U 29  7 - 61 33 23 - 66  2.7 0.5 - 6

Kato16 1998 51 M/U 28 12 - 61 37 25 - 65  1.7 0 - 9

Selma21 1998 28 M 26  4 - 45 25 14 - 48  0.1 0 - 1

Amillo6 1999  6 M/U 11  6 - 16 24 18 - 60  9.3 2.5 - 16

Jerosch-Herold14 2000 41 M 33 12 - 72 34  9 - 90  0.1 0 - 3
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Table 2. Large studies not included in meta-analysis due to lack of individual patient data

Study Nerve Injuries Follow-up methods Remarks Predictors Not predictors

Birch37 56 MN +
52 UN

BMRC motor & 
sensory, questions

Age (child vs adult)* 
Primary repair 
Distal injury

Kalomiri46 73 MN +
85 UN + 27 C

BMRC motor & 
sensory

Grafts Age (child vs adult)* Delay

Kalomiri47 118 UN BMRC motor & 
sensory

Grafts Age
Delay

Length of graft

Merle54 150 MN + UN Chanson’s method Partial 
lesions 
included

Age
Type of accident**
Type of trauma***
Level of injury
Type of repair

Gender

Vastamaki60 110 UN 2PD
Ridge sensitometer 
BMRC

Secondary 
repairs

Age (sensory)
Level of injury (motor)
Length of contusion
Sharp injuries
Delay (motor)
Length of graft (motor)

Additional 
injuries
Microscope vs 
loupe
Graft 
Nerve

* There was no clear relation between age and outcome in later decades.
** Industrial, suicide attempt, housework.
*** Sharp versus crush injury.
MN = median nerve, UN = ulnar nerve, C = combined median and ulnar nerve injury.

(Spearman correlation coeffi  cient 0.62, P = < 0.001, n = 417). Table 4 shows the crude association 

between the predictors and satisfactory motor and sensory recovery. Table 5 presents the 

multivariate logistic regression analysis and shows several independent predictors. 

Patients under 16 years of age were four times more likely to have a satisfactory motor 

recovery (OR 4.3 95% CI 1.6 - 11.2, p < 0.05) than patients over 40 years of age. Intermediate 

or high lesions compared to low lesions (OR 0.46 95% CI 0.20 - 1.1, p < 0.10) and a longer delay 

between injury and repair were associated with a lower chance of motor recovery (per month 

OR 0.94, 95% CI 0.90 - 0.98, p < 0.05). Ulnar nerve injuries gave a 71% lower chance of motor 

recovery than median nerve injuries (OR = 0.29, 95% CI 0.15 - 0.55, p < 0.05). Since there were 

too many missing values on gap width, this predictor was not included in the fi nal model, even 

though a gap of ≥50 mm was signifi cantly and independently associated with a 17% lower 

chance of motor recovery compared to a gap of < 50 mm. 

For sensory recovery, younger age was predictive of satisfactory recovery, whereas longer 

delay between injury and repair was again associated with a lower chance of recovery, i.e. 

for each month of extra delay the chance of recovery was reduced by 8%. After grouping 

the delay period into primary repair (0 days delay), delayed primary repair (1 day - 1 month), 

early secondary repair (1 - 3 months) and secondary repair (3 - 6 months, 6 - 12 months and 

more than 1 year delay), there seemed to be a tendency for the early secondary repair (1 - 3 

months) to achieve slightly better results (OR = 4.66, 95%CI 0.81 - 26.83) compared to delayed 
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primary repair (1 day - 1 month, OR = 2.38, 95% CI 0.58 - 9.82) and no delay (0 days, reference 

group), although this was not signifi cant (p = 0.08). There was no signifi cant diff erence between 

median and ulnar nerve injuries in relation to sensory recovery. For patients > 40 years old and 

a delay of > 3 months the predicted probability of a satisfactory sensory outcome was 0.14 

compared to 0.43 in all other patients; for motor recovery these probabilities were 0.25 versus 

0.55. In the prediction of sensory recovery, the ROC area was 0.82 (95%CI: 0.77 - 0.87), whereas 

for the prediction of motor recovery it was 0.87 (95%CI: 0.84 - 0.91). Although the ROC area is 

not very informative for clinical purposes it is a measure of discriminative power and > 0.80 can 

be considered as good.

Table 3. Description of study population 

Characteristic Number Percentage

Nerves
 Median
 Ulnar
 Of which combined 

623
322
301
138

51.7%
48.3%
23.7%

Age group
 Child (< 16 y)
 Adolescent (16 - 25y)
 Young adult (26 - 40y)
 Adult (> 40y)

520
113
151
145
111

21.7%
29.0%
27.9%
21.3%

Site
 Low
 Intermediate & high

538
442
 96

82.2%
17.8%

Graft used
 Yes

582
331 56.9%

Gap
 < 50 mm
 50 mm and over

268
110
176

38.5%
61.5%

Follow-up time
 < 1 year
 1 - 2 year
 2 - 3 year
 > 3 year

500
 72
124
200
104

14.4%
24.8%
40.0%
20.8%

BMRC Sensory
 Satisfactory

608
259 42.6%

BMRC Motor
 Satisfactory

432
223 51.6%
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Table 4. Crude association of predictors with satisfactory outcome

Predictor Groups Satisfactory Sensory recovery 
% (n)

Satisfactory Motor recovery 
% (n)

Age < 16 years
16 - 25 years
26 - 40 years
> 40 years
Total:

69 (74/108)
44 (65/149)
38 (54/142)
20 (21/106)
n = 505

60 (55/92)
66 (69/104)
49 (47/96)
34 (26/77)
n = 369

Gender Male
Female
Total:

39 (57/148)
38 (21/55)
n = 203

53 (73/137)
55 (29/53)
n = 190

Nerve Median
Ulnar
Total:

44 (138/315)
41 (121/293)
n = 608

61 (111/182)
45 (112/250)
n = 432

Combined Yes
No
Total:

41 (56/138)
43 (183/430)
n = 568

54 (53/98)
51 (170/334)
n = 432

Site Low
Intermed. & high
Total:

43 (185/433)
34 (31/90)
n = 523

54 (136/253)
36 (34/94)
n = 347

Delay No delay
1 day - 1 month
1 - 3 months
3 - 6 months
6 - 12 months
> 12 months
Total:

47 (96/206)
39 (19/49)
66 (38/58)
47 (51/109)
25 (15/59)
16 (7/44)
n = 525

67 (46/69)
60 (18/30)
79 (46/58)
56 (62/111)
26 (15/58)
23 (9/40)
n = 366

Graft used No
Yes
Total:

53 (133/251)
40 (125/316)
n = 567

64 (80/126)
47 (143/306)
n = 432

Gap < 50 mm
50 mm and over
Total:

39 (41/105)
37 (62/166)
n = 271

51 (52/102)
43 (73/171)
n = 273

Follow up < 1 years
1 - 2 years
2 - 3 years
> 3 years
Total:

24 (17/72)
43 (52/121)
48 (92/193)
33 (33/99)
n = 485

40 (19/47)
48 (36/75)
51 (90/177)
47 (37/79)
n = 378



122

C
ha

p
te

r V
III DISCUSSION

Due to the considerable variety of factors infl uencing nerve regeneration and outcome, fi nal 

recovery after peripheral nerve injury is a complex matter. In numerous studies in the past 

decades, several variables have been proposed to infl uence outcome. However, many of these 

publications were based on small patient numbers and due to the wide range of patient and 

injury characteristics, diff erent parameters were found to be of prognostic importance. In this 

individual patient data meta-analysis we seek to fi nd conclusive evidence for independent 

predictors of a satisfactory outcome. 

Although several authors have proposed new assessment methods to evaluate functional 

recovery of the hand after nerve repair no conclusive test battery is available. Recently, Rosen 

published a rationale for the evaluation of functional recovery following nerve injuries.102 We 

used the MRC scale for both motor and sensory function testing, as it is the most widely accepted 

classifi cation to score the outcome of peripheral nerve injuries.103 Since the introduction of 

microsurgical techniques in the sixties, the repair of peripheral nerve injuries has not changed 

considerably. Therefore it seems not likely that the operation techniques have infl uenced our 

results. It is known that experience of the surgeon plays an important role, however it was not 

possible to take this into consideration. Not all variables were known for every patient, so it 

was not possible to include all patients in the data analysis. Furthermore, only studies that gave 

individual data could be included in our meta-analysis. This could have lead to selection bias if 

other predictors of recovery were present in the patients that were excluded from our analyses, 

Table 5. Results of multivariate logistic regression analysis for satisfactory sensory and motor recovery and ROC area

Predictor Categories Satisfactory Sensory Recovery
OR (95% CI), n = 380

Satisfactory Motor Recovery
OR (95% CI), n = 283

Age < 16 yrs 27.0 (9.4 - 77.6) * 4.3 (1.6 - 11.2)*

16 - 25 yrs  6.6 (2.8 - 15.3) * 2.8 (1.2 - 6.9) *

25 - 40 yrs  1.9 (0.9 - 4.3) 1.4 (0.5 - 3.6)

> 40 yrs Reference Reference

Delay per month 0.92 (0.87 - 0.98) * 0.94 (0.90 - 0.98)*

Follow-up < 1y Reference –

1 - 2 yrs 1.2 (0. - 3.1)

2 - 3 yrs 3.0 (1.0 - 8.8)*

> 3 yrs 1.2 (0.4 - 3.9)

Site intermed/high vs low – 0.46 (0.20 - 1.1)**

Nerve Ulnar vs Median – 0.29 (0.15 - 0.55)*

ROC Area (95% CI) 0.82 (0.77 - 0.87) 0.87 (0.84 - 0.91)

* Signifi cant at the p < 0.05 level, ** Signifi cant at the p < 0.10 level.
OR = odds ratio, 95% CI = 95% confi dence interval.
ROC area = Area under the Receiver Operating Characteristics curve.
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especially for the larger studies. To reduce this, we evaluated the results of the studies that did 

not meet our inclusion criteria and had more than 100 nerve injuries. (Table 2) It showed that 

mainly the same predictors were found. To prevent further selection bias we also excluded case 

reports. 

The signifi cant prognostic factors infl uencing outcome found in this meta-analysis diff ered 

for motor and sensory recovery. For motor recovery age, delay, site and type of injured nerve 

were found to predict outcome, for sensory recovery age and delay were signifi cant prognostic 

factors. Younger patients were more likely to have a satisfactory motor and sensory outcome, 

and the longer the delay between injury and repair the smaller the chance of a favorable 

outcome. Combined median and ulnar nerve injuries and the use of autologous nerve grafts 

did not signifi cantly predict motor and sensory recovery. 

From previous research, several factors have been pointed out to infl uence fi nal recovery. 

In general age was found to be a main factor for recovery.6 - 8,15, 20,21, 23, 31, 34, 52, 80, 83, 104 This can be 

explained by factors like shorter regeneration distance and greater regeneration potential, but 

recent research in primates shows also that in children there is probably a higher potential 

for brain plasticity compared to adults.105, 106 Some authors mentioned that especially sensory 

recovery benefi ts from a younger age, which is in accordance with our fi ndings.58 Barrios did 

not fi nd a better outcome in children after nerve grafting.7 

We found that delay is associated with outcome. This confi rms the results of many earlier 

studies that found an unfavorable prognosis after more than six or twelve months delay.6 - 9, 15, 23, 

26, 52, 83, 107, 108 Others advocated the use of an early secondary repair for all injuries.109 Merle found, 

in a small group of patients, a higher percentage of failures after nerve repair performed on an 

emergency basis than after secondary repair.54

In the past, several authors110 - 113 advocated the use of primary repair for clean-cut injuries and 

early secondary repair (4 - 6 weeks) for blunt or extensive injuries. We found a similar tendency 

for sensory recovery, but this was not signifi cant (p = 0.08). Our results favor a primary repair, 

although when contra-indicated an early secondary repair can be considered as a safe option. 

Unfortunately, we did not have individual information on the type of injury (blunt or clean-

cut). 

It is important for both doctor and patient to know when the end point of recovery has been 

reached. This information can provide the patient a realistic prognosis especially regarding the 

possibility of returning to work.114 Furthermore this data can be used to predict at an earlier 

stage the need for other treatment options, such as tendon transfer. According to the literature, 

signifi cant improvements can be found for up to 5 years after nerve repair.58 This meta-analysis 

indicated that there seems to be signifi cant improvement for at least a follow-up period of 3 

years. 

Site has been mentioned80 as the most important determinant of outcome; our conclusion 

is that it is a signifi cant predictor only for motor recovery. A muscle can become atrophic and 

irreversibly damaged in one and a half to two years. Nerve regeneration occurs with a speed of 
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approximately 1 mm a day, and if in the meantime innervation is not restored, motor recovery 

will be poor.115

As in this meta-analysis, several authors found a better motor recovery in median nerve injuries 

compared to ulnar nerve injuries6, 19, 25, 42, 58, 107, and no diff erence for sensory recovery.26 Combined 

ulnar and median nerve injury has been identifi ed as a predictor for worse prognosis due to the 

associated extensive soft tissue damage.13, 28, 78 Although combined nerve injuries are usually 

accompanied by extensive tissue damage80, they do not necessarily imply a poor result.107 In this 

meta-analysis we did not fi nd a signifi cant eff ect on outcome either. Unfortunately, information 

on the number of injured structures was lacking in our study. As shown in earlier studies11, 17, 18, 

27, 104, we found no diff erence between direct repair and interfascicular grafting. However, it was 

not possible to measure the infl uence of the graft length with our data. It has been noticed that 

long grafts are more likely to give unfavorable results.6 - 8, 42 A number of other factors were found 

in previous research to infl uence recovery but could not be investigated in this meta-analyses 

due to missing data. These factors are the eff ect of the type and severity of the initial injury116, 

good cooperation and motivation of the patient15, 28, specialized hand therapy23, 58, 117, cognitive 

capacity33, early psychological stress experienced due to the trauma1 and comorbidity such 

as diabetes and alcoholism46, 47. Since it is not possible to infl uence the factors regarding the 

injury, except sometimes for delay, eff ort should be made to intervene with the postoperative 

parameters such as optimized hand therapy and psychological intervention. 

Improvement of the results may be sought in refi nement of the surgical procedure, hand 

therapy in specialized centers and experimental techniques118, such as silicone tubes90, 92, 93 

or biodegradable nerve guides119. It would be advisable to follow a large cohort of patients 

prospectively with detailed measuring of possible predictors. Also the use of a more extended 

test battery besides motor and sensory testing, such as ADL, quality of life, cold intolerance and 

psychosocial factors, could give a better insight in the outcome of peripheral nerve repair and 

regeneration. 

CONCLUSIONS

In this individual patient data meta-analysis several predictors have been found infl uencing 

outcome after peripheral nerve repair. Age, site, injured nerve and delay signifi cantly infl uenced 

prognosis after microsurgical repair of median and ulnar nerve injuries. In patients younger than 

16 year with no delay, the chances of satisfactory sensory recovery are the highest, whereas 

for motor recovery a patient under 16 years, with a distal median nerve injury and no delay 

will give the best results. A follow-up time of at least 3 years is necessary to evaluate the fi nal 

outcome. On the basis of the fi gures from this meta-analysis, it is possible to estimate which 

patients have a high or low chance of successful motor and sensory recovery after median or 

ulnar nerve injury. 
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GENERAL DISCUSSION

The “Zenuwonderzoeksgroep Erasmus Rotterdam” – ZERO study

The following study design was used for this thesis. We retrospectively collected medical record 

data of all median and ulnar nerve injury patients who were operated on at the University 

Hospital Rotterdam “Dijkzigt” from January 1980 to December 1998. Based on the power 

analysis we needed 92 patients to perform statistical analysis concerning predicting variables. 

The following cohort was selected for a longitudinal follow-up study: all subjects with operative 

treatment of a median, ulnar or combined median-ulnar traumatic nerve injury during the 

period between January 1990 and December 1998. To participate in this study, the forearm 

nerve injuries were required to meet three entrance criteria: 1) A trauma of at least a single 

ulnar or median nerve located within the area between the wrist crease (distal border) and the 

fl exor elbow crease (proximal border). 2) Patients had to be 12 years or older on the day of their 

injury and 3) Excluded from the study were subjects diagnosed with complete amputation of 

the hand followed by a replantation, patients with associated hand and or forearm fractures 

and also excluded were patients with amputation of hand or digits. On the basis of the entrance 

criteria, 136 patients were included. This study population was analyzed twice with a one year 

interval. In addition, a meta-analysis was performed and in 2001 a longitudinal prospective 

study was started.

OUTCOME

Sensory and motor recovery

Sensory and motor recovery are the classic outcome markers following peripheral nerve 

surgery. Rosen and Lundborg found that the combination of sensory/motor recovery and pain 

and discomfort was responsible for 73% of the fi nal outcome.1 Grip strength was the reason for 

36% of the variance of the activities of daily living (ADL) index.2 

A large number of nerve injuries were analyzed during and after World Wars I and II.3 - 6 In a 

25 year perspective of peripheral nerve surgery, it was stated that clinical outcome is not much 

diff erent from 25 years ago.7 After comparing previous outcome studies, we have to confi rm the 

accuracy of this statement.8 - 36 Chapter 2 showed that for a median nerve injury ‘good’ sensory 

(grade S3+ or S4) and ‘good’ motor recovery (M4 and M5) was achieved in 25.7% and 61.5%, 

respectively. In cases where the ulnar nerve was injured, ‘good’ sensory and motor recovery 

was achieved in 21.7% and 39.4%. These results do not much diff er from the results of the meta-

analyses in chapter 8. For median nerves: 44% S3+ or better and 61% M4 or better. For ulnar 

nerve repairs: 41% S3 or better and 45% M4 or better. Only the sensory results are signifi cantly 

worse. One of the major reasons for this fi nding could be that in the meta-analysis a signifi cant 

larger part of the study population (22%) was below the age of 16 years. In our population 
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only 5% of the population was below the age of 16. A well-defi ned critical period has been 

described for sensory relearning following nerve repair. There is an optimum capacity below 

the 5 - 10 years age group followed by a rapid decline, which levels out after puberty.37

Median versus ulnar nerve injuries

It is generally accepted that median nerves have a better functional outcome than ulnar nerve 

injuries.1,38 - 41 In chapter 2 and 7 we found no diff erence for sensory recovery between the 

single median and ulnar nerve injuries. The meta-analysis confi rmed this fi nding; there was no 

signifi cant diff erence between median and ulnar nerve injuries in relation to sensory recovery 

(chapter 8). In contrast, motor recovery was statistically worse for the ulnar and combined 

median ulnar nerve injuries. Ulnar nerve injuries gave a 71% lower chance of motor recovery 

than median nerve injuries (chapter 8). Additionally, ulnar nerve injuries tended to have worse 

prospects concerning the ability to return to work within the fi rst year (chapter 5). It may be 

concluded from this thesis that the ulnar nerve injuries only have worse prospects in relation 

to motor recovery. Based on the functional results of motor recovery in chapter 2 and 8, 

the diff erences in return to work ratio between ulnar and median nerve injuries will be more 

profound with longer follow-up (> 1 year).

Sensory recovery versus motor recovery

Recently, an association between sensory and motor recovery was hypothesized in a very small 

number of patients.42 The strength of association between these outcome parameters had 

never before been quantitated. Our meta-analysis (chapter 8) showed a signifi cant correlation 

between motor and sensory recovery (Spearman correlation coeffi  cient 0.62). Furthermore, 

motor recovery seemed to recover more successfully than sensory function (chapter 2 & 8). 

Social consequences

The social consequences and medical cost of nerve injuries have been particularly underexposed. 

Taking into account an average axon regeneration capacity of 1 millimeter a day, long term 

sensory and motor dysfunction will lead to long lasting work disability. Wound size is often 

small and functional consequences are therefore underestimated by social authorities and 

physicians. Patients recovering from a nerve trauma will not return to their previous level of 

functioning.43,44 

In our study, 59% were able to return to work within one year and the average time off  work 

was 31 weeks (chapter 5). The cumulative proportion of patients returning to work at 3, 6 

and 9 months was 19%, 43% and 53%. A hand trauma which results in a patient having on 

average 7 months off  work, has a 50% chance of achieving protective sensation, has a 50% 

chance of achieving normal average motion, which in 60% of the patients requires more then 

two operations and the medical cost is 5 - 15 times the operation, is classifi ed as a severe hand 

trauma.(www.eatonhand.com) Based on the results of chapter 5 and the level of sensory and 
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motor recovery of our study population, median and ulnar nerve injuries can be classifi ed as 

severe hand traumas.

Grip strength loss, tip-pinch strength loss and sensory recovery were lower for the people 

who could return to work. Mean values are provided in chapter 5 and make it possible to 

evaluate whether a patient is functionally capable of returning to work. Single nerve injuries 

have a 7 times higher expectation of returning to work within one year compared to the 

combined nerve injuries. Other predicting variables were educational level and compliance 

to hand therapy. Furthermore a switch from blue to white collar employment will give a 4.3 

times higher expectation of returning to work. The framework provided in chapter 5 can be 

used by physicians and social authorities during follow-up of a nerve injury patient to optimize 

treatment and limit absence from work. 

Disability and activities of daily living

We used the Disabilities of Arm Shoulder and Hand (DASH) questionnaire to assess disability 

and the ability for activities of daily living to be restored. The DASH uses a self-reporting system. 

Patients attribute scores 1 - 5 (Likert scale) to thirty items relating to functional activities (such 

as preparing a meal and writing) and symptoms (such as pain and weakness). It does not matter 

which hand they are using to perform these tasks. The raw Functional Symptom Score (FSS) 

is transformed to a 0 - 100 scale, whereby 0 refl ects minimum and 100 maximum disability 

(not able to perform any task). The FSS for upper extremity nerve injuries has never been 

described. 

Our study population reported a mean FSS of 19 on average 5.5 years following surgery 

(chapter 4). A mean FSS of 19 on a scale ranging from 0 - 100 could be interpreted as “little” 

disability. Functional symptom scores of other studies varied between 2 for proximal phalanx 

fractures and 52 for distal biceps rupture.45,46 For example one of our patients with a FSS of 18, 

complained of mild diffi  culties preparing a meal, having mild diffi  culties with writing, having 

severe problems with recreational activities in which the arm is moved freely, having mild pain 

when performing any specifi c activity and having moderate stiff ness, tingling and/or weakness 

in arm, shoulder or hand. Since the introduction of the DASH-questionnaire in 1996, an 

increasing amount of studies used the FSS to evaluate functional disability. Variation of the FSS 

is caused by diff erence in severity of injury and length of follow-up. Comparative FSS for other 

hand injuries are: a ray amputation: 29 (follow-up 32 months)47 and for a scaphoid fracture: 13 

(follow-up 66 months).48

A trend was seen that the combined median and ulnar nerve injuries reported higher FSS 

values – 24 versus 16 – in cases of a median nerve injury and 19 in cases of an ulnar nerve injury. 

The diff erences can be expected to be even greater if assessment is performed at an earlier stage 

during follow-up. Compared to the literature, we concluded that the nerve injuries cause long 

lasting disabilities. Our prospective multicenter study will provide information about the FSS 

over time. This information can be used to optimize our vocational rehabilitation programs.
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Combined median-ulnar nerve injuries and ‘spaghetti wrist’ injuries

At the volar side of the wrist, 16 structures including 12 tendons, 2 nerves and 2 arteries are 

located just beneath the skin, and are therefore vulnerable to injury. The ‘Spaghetti wrist’ or ‘full-

house’ injury describes an extensive volar wrist laceration, in which several of these structures 

are injured. Various defi nitions have been used ranging from a relatively minor injury of three 

lacerated structures, to a major trauma with laceration of at least ten structures including the 

median and/or ulnar nerve. A select number of studies analysed spaghetti wrist injuries.18,24,25,43,49 

The study populations all consisted of small numbers of patients and most studies focused 

on sensory and motor recovery. We analyzed 50 spaghetti wrist patients for an average of 10 

years following surgery in chapter 3. In comparison with the single nerve injuries, it is generally 

accepted that the combined nerve injuries and spaghetti wrist injuries have worse prospects. 

For the spaghetti wrist population we found: 55% return to work within one year, 35 weeks of 

sick leave, Functional Symptom Score of 15, Impact of Event Scale (IES) of 26 within the fi rst 

month following surgery, grip strength loss of 24% compared to the uninjured hand, tip pinch 

strength loss of 34% and 32% had no protective sensation. Compared to the results of chapters 

2, 4, 5, 6 and 7 (90 - 98 study population), the diff erences were small concerning all outcome 

parameters. Fifty-nine percent (59%) return to work within one year, 31 weeks of sick leave, 

Functional Symptom Score of 19, IES of 26, grip strength loss of 22% compared to the uninjured 

hand, tip pinch strength loss of 32% and 32% had no protective sensation. After exclusion of 

‘spaghetti wrist’ injuries (n = 20) within the 90 - 98 study population (chapters 2, 4, 5, 6 and7) 

the single nerve injuries seemed to have better prospects concerning all outcome parameters. 

Seventy percent (70%) return to work within one year, 29 weeks of sick leave, Functional 

Symptom Score of 17, IES of 23, grip strength loss of 20% compared to the uninjured hand, tip 

pinch strength loss of 30% and 24% had no protective sensation. 

The “spaghetti wrist” injury population of chapter 3 had a longer mean follow-up time (10 

and 5.5 years respectively) compared to the patients described in chapters 2, 4, 5, 6 and 7. An 

additional data analysis of the 90 - 98 study population showed that the diff erence between 

the “spaghetti wrist” and single nerve injuries population, in relation to sensory recovery, return 

to work within one year, time of work and psychological morbidity within the fi rst month, was 

statistically signifi cant. Concerning motor recovery, the “spaghetti wrist” injuries had statistically 

less grip strength compared to the median nerve injuries. No diff erence was found compared 

to the ulnar nerve injuries. So, it may be concluded from this thesis that the prognosis of a 

“spaghetti wrist” trauma is signifi cantly worse for all outcome parameters when compared to 

single nerve injuries.

Psychological morbidity

Knowing the direct post injury functional consequences, it was not surprising to discover the 

presence of posttraumatic psychological stress following median and ulnar nerve injuries. Ninety-

four percent (94%) experienced psychological stress within the fi rst month post-operatively. 
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Thirty-six percent (36%) of subjects and 43% of the “spaghetti wrist” patients (population 

’90 - ’98) reported suffi  cient symptoms at one month post-operatively to be classifi ed as being in 

need of psychological treatment (IES > 30). Daily confrontation with a disabled functional hand 

will cause considerable psychological stress. In addition to the awareness of a non-functional 

hand, non-medical factors such as return to work and social consequences were reported to be 

very stressful.50 On the other hand, the cosmetic role of the hand should not be overlooked.51 A 

fl at hand with clawed deformity is far from the esthetic ideal.

Based on the results of this thesis and what is already known from literature, collaboration 

with a psychologist is essential to identify those subjects who are likely to develop a post-

traumatic stress disorder. This will increase the effi  ciency of our post operative rehabilitation 

program. An increasing number of hand units already have standardized cooperation with a 

psychologist.51,52 In addition, the plastic surgery nurse can be trained to identify the various 

responses that routinely occur with hand-injured patients.53 Based on our results, nerve injury 

patients need to be screened after two weeks following surgery. The predicting variables for 

the amount of post-traumatic psychological stress: number of severed structures, combined 

median ulnar nerve injuries, gender and education (chapter 6) can be used to facilitate the 

selection of patients who are in need of psychological assistance. In cases where psychological 

symptoms are diagnosed, a large number of psychological symptoms are treatable. In 

other diseases or traumatic injuries, standardized psychotherapy has already proven to be 

eff ective.54,55 A randomized trial in patients with a physical injury showed that a four-session 

cognitive-behavioural intervention following physical injury will signifi cantly reduce the total 

Impact of Event Scale score.55 To reduce the number of visits to the outpatient clinic (hand 

surgeon, hand therapist and psychologist) and increase therapy fi delity, online therapy may be 

an option in the future.56

The study described in chapter 6 discovered a high level of posttraumatic psychological 

stress within the fi rst month post-operatively. The level of psychological stress had signifi cantly 

diminished on average 5.5 years following surgery. In addition, only 4% of the patients reported 

psychological stress that was in need of psychological treatment. The course of decline is still 

unknown. In order to optimize post-operative psychological therapy, it is essential to establish 

the change in the IES score over time. Our prospective multi-center longitudinal study will 

provide this information. A fi rst analysis showed a rapid decline of the amount of psychological 

stress after three months following injury.

Cold intolerance 

Pain and discomfort from hyperesthesia and cold intolerance are underexposed aspects in the 

evaluation of nerve injuries.2,57 Pain sensation in the hand on exposure to cold is a common 

fi nding after upper extremity injuries, especially nerve injuries. Symptoms were present in at 

least 64% of hand injury patients, 24 months after injury.58 In nerve injury patients, incidences of 

up to 83% are reported.59 - 61 Furthermore, it seems that.62,63 No consensus exists on how the level 
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of pain needs to be assessed and scored. Pain is often analysed with a visual analogue scale64 

or the McGill pain questionnaire.65 Two subjective assessment methods were introduced in the 

90s to evaluate pain sensation on exposure to cold: the Cold Sensitivity Severity questionnaire66 

and the Cold Intolerance Symptom Severity questionnaire.59 Unfortunately, no score was 

provided above which patients could be classifi ed as experiencing cold intolerance. A large 

normative population study showed that patients with CISS scores of 36 or higher can be 

classifi ed as experiencing pain from cold intolerance (in preparation). Based on this defi nition, 

on average 5.5 years following surgery, 36% of the 1990 - 1998 study population reported 

suffi  cient symptoms to be classifi ed as cold intolerance. Based on the results of our longitudinal 

cohort study we also concluded that symptoms of cold intolerance do not decrease over the 

years (in preparation).

We also initiated a study to create an objective method to quantify cold intolerance. An 

infrared thermocamera was used to visualize thermoregulation of the hand. A pilot study on nine 

nerve injury patients and several healthy volunteers showed that infrared thermography can be 

used to visualize thermoregulation of the hands. In nerve injury patients the thermoregulation 

diff ered markedly between the aff ected and contralateral hand.67 The capacity to warm the 

hand appears to correlate with the reported degree of cold intolerance.67

A very small number of studies tried to clarify the pathophysiology of cold intolerance. 

Unfortunately the pathogenesis of cold intolerance is still unclear. Previous studies defi ned 

various predictors for cold intolerance.59,61,68 - 70 We found a very close relationship between the 

level of sensory recovery and the level of cold intolerance (in preparation).

Extended research is needed in this fi eld in the near future. Maybe detailed investigation of 

the Cold Induced Vaso Dilatation (CIVD) and ‘hunting reaction’71 will provide more information 

about the etiology and pathophysiology of cold intolerance. Furthermore, diff erent treatment 

options (for example conditioning therapy) need to be defi ned and investigated concerning 

their contribution by randomized clinical trials.

PREDICTING VARIABLES AND QUANTIFICATION OF PREDICTORS

Awareness of etiologic variables for functional recovery is of interest with regard to 

understanding the pathophysiologic process of nerve regeneration and may improve functional 

results. Surgery and post-operative rehabilitation services should be based on the profi le 

drawn up by the risk factors. Identifi cation of independent prognostic factors will open the 

way to the development of a valid prognostic model that can predict functional outcome post-

operatively on an individual level. The use of the prognostic model will optimize post-operative 

treatment, by creating the ability to perform early secondary interventions. This will provide 

better functional outcome on an individual level. Furthermore patients can be informed about 

their functional and social prospects.
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Following World War II, every eff ort was paid to improving functional outcome following 

traumatic nerve injuries. Although microsurgery was a major breakthrough in the treatment 

of nerve injuries, Foucher and Marsh mentioned that microsurgery did not drastically changed 

the prognosis for nerve injuries.72 Techniques for clinical approximation of the severed nerve 

ends have reached a level of optimal technical refi nement.7 The outcome is more infl uenced 

by other predicting variables such as mechanism of injury, delay in undertaking repair, level of 

section, age of the patient and functional integration.51 Most nerve injury outcome studies lack 

effi  cient sample size to defi ne and quantify predicting variables.

Suturing technique

A select number of predicting variables for functional outcome are within the surgeon’s control. 

The surgical technique used can genuinely infl uence the outcome. Tension-free suturing is 

essential to achieve successful repair of the peripheral nerve. Tension compromises both the 

integrity of the repair site and the blood supply.73,74 An association between tension, ischaemia 

and diminished nerve conduction velocity has been described.75 The results of elongation 

studies suggest a limited elongation of 8 - 10% to prevent ischaemia.76 Diff erent techniques can 

be used to achieve a tension-free repair of the nerve defi cit, in situ nerve mobilization, nerve 

rerouting and transposition, joint positioning and bone shortening. 

Proper rotational alignment of the proximal and distal stump is another factor which can 

be infl uenced by the surgeon. Optimal alignment will reduce the amount of ‘mismatch’ of the 

regenerated axons 77 and may therefore lead to better cortical mapping with less reorganization 

of the somatosensory cortex. Intra-operative electroneurographic tests and histochemical 

staining techniques have proven to optimize the coaptation of the nerve ends.78,79 The exact 

eff ect of intra-operative histological staining techniques on clinical outcome is still unclear. A 

randomized clinical trial is needed to determine the value on clinical outcome.

Delay

In 1975, Holst had a strong feeling that immediate repair of a transected nerve is superior 

to delaying the repair.80 Nowadays it is generally accepted that immediate, end to end 

primary nerve repair – when circumstances allow it – provide better results than secondary 

repairs.32,36,72,81,82 Our meta-analysis (chapter 8) confi rmed that delay is a signifi cant predictor 

for both sensory and motor recovery. For each month of extra delay the chance of successful 

sensory recovery was reduced by 8%. Furthermore, if there is a delay for any reason, there 

seemed to be a tendency for an early secondary repair (1 - 3 months). Particularly in cases of a 

severe nerve defect, severe concomitant injuries or both, a planned early secondary (> 3 weeks) 

repair can be a good alternative.83 This may avoid adhesion between tendon and nerves. A 

delay of more than six months will seriously diminish the quality of recovery.41 
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Age

The majority of the prime determinants cannot be infl uenced by the surgeon.84 One of the most 

well-known predictors for functional outcome following peripheral nerve surgery is the age of 

the patient. In 1962, Onne85 already described better functional sensibility in younger patients. 

Many others confi rmed his fi ndings.29,36,40,72,80,81,86,87 There is a well-defi ned critical period for 

sensory relearning after nerve repair.37 The curve correlates with previously published data 

on critical periods for language acquisition among immigrants.37 Patients below the age of 13 

recovered sensory function to normal levels even without a post-operative sensory re-education 

program.88 Younger patients have also better prospects concerning motor recovery. Patients 

below the age of 13 with an ulnar nerve injury at or above elbow level showed satisfactory 

function of the intrinsic hand.86 In our study, patients below 16 years of age were four times 

more likely to have satisfactory motor recovery and 27 times more likely to have satisfactory 

sensory recovery than patients over 40 years of age (chapter 8). Based on the literature and the 

results of this study, age appears to be the most important determinant of outcome for injuries 

of the median and ulnar nerves.84

Level of injury 

Based on the shorter regeneration distance and greater regeneration potential, distal nerve 

injuries have better prospects compared to proximal injuries.36,40,81,86 In our study, the level of 

injury signifi cantly infl uenced fi nal motor recovery (chapter 8). Patients with a distal (wrist and 

distal 2/3 of forearm) nerve injury were 2.2 times more likely to have a better satisfactory motor 

outcome. 

Cognitive capacity 

For decades, most peripheral nerve research focused on the nerve lesion. The positive 

eff ect of sensory re-education was described in the mid 70s, despite the fact that the exact 

mechanism was not understood.89 It was Merzenich in 1983 who described cortical remapping 

in owl monkeys. After transection of the median nerve, somato-sensory fi elds were completely 

occupied by ‘new’ input from the ulnar and radial nerves90,91 Once the end organs have been 

reached, the reinnervated skin areas regain their cortical representation. Mismatch will alter 

the representation areas in the somato-sensory cortex. Reprogramming the ‘brain computer’ to 

adjust to the new sensory stimuli is necessary to regain functional sensory recovery. Lundborg 

was the fi rst to report (n = 19) an association between cognitive capacity and sensory recovery, 

on average 3.3 years following surgery.92,93 They focused on tactile gnosis as functional sensory 

recovery. The exact contribution of cognitive capacity on the recovery of perception of touch 

and pressure (Semmes Weinstein monofi laments), which is the potential for sensory function, 

was not established.

We performed a large-scale study to determine the association between cognitive capacity 

and long-term recovery of perception of touch and pressure (chapter 7). Sensory recovery was 
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assessed on average 5.5 years post-operatively, which can be seen as an end-point (chapter 

8 and this thesis). We found an association between diff erent tests to establish cognitive 

capacity and the long-term sensory recovery, in terms of perception of touch and pressure. Also 

level of intelligence appeared to aff ect the level of sensory recovery. A combined MSc project 

between the department of Epidemiology and the department of Plastic Surgery showed that 

the cognitive capacity did not infl uence sensory recovery at one year post-operatively. This can 

be explained by the fact that some of the regenerated axons have not reached their end-points. 

It seems that the reorganization of the somato-sensory cortex needs to be totally activated to 

establish the eff ect of this phenomenon. The combination of the results of our longitudinal 

follow-up study and the use of fMRI to visualize the somato-sensory cortex will help us to 

determine the exact time interval which is needed to activate reorganisational changes. This 

can be used to optimize the eff ect of our sensory re-education program.

Psychological morbidity

The association between psychological stress and outcome following nerve injuries has 

never been studied. Recently, work with animals has shown that nerve cell (re-)generation is 

aff ected by stress. Stress appears to decrease the capacity for (re-)generation of new nerve 

cells and stress seemed to aff ect the brain areas who play an important role in basic memory 

functions.94 This study provides evidence for an adverse eff ect of early psychological stress on 

functional recovery (FSS of the DASH, grip strength and tip-pinch strength) and capacity for 

work (chapter 6). Patients who suff ered severe early posttraumatic psychological stress were 

six times more likely not to return to work within one year, compared to the group that reported 

a minor psychological response. As already mentioned in chapter 6, the results were based on 

retrospective data collection. In the near future we need a randomized clinical trial to establish 

the exact eff ect of psychological assistance post-operatively. 

Specialized hand therapy 

At the beginning of last century, it was already described that ‘operation is only an incident in 

the treatment and that it must be preceded and followed by months of work’. Even massage, 

whirlpool baths and electricity were used to optimize outcome.95 Sensory reeducation 

improves functional sensibility and minimises the discomfort of paresthesias.89,96 We found that 

more than three months of specialized hand therapy, which focuses on early passive motion 

muscle strength and sensory reeducation, to be a predictor for functional recovery. Patients 

who followed this protocol had a 4 times higher chance of getting back to work (chapter 2). 

This fi nding was confi rmed by our longitudinal cohort study that focused on return to work and 

time of work. Compliance with the hand therapy program gives patients a 3.5 higher chance of 

returning to work (chapter 5). As early as three months post-injury, interstitial muscle fi brosis 

occurs with proliferation of fi broblasts.97 Consequently, more than three months of hand 
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therapy is essential to prevent this muscle fi brosis. Passive motion and splinting may prevent 

fi brosis during denervation.98 

Speed of sensory recovery 

Furthermore chapter 2 of this thesis showed that the time until the fi rst sign of sensory 

reinnervation was noticed seemed to be a good predictor for fi nal motor recovery.99 Patients 

at risk of poor motor recovery can therefore be distinguished by regular assessment of sensory 

reinnervation within the fi rst fi ve months.

ASSESSMENT OF DISABILITY AND ACTIVITIES OF DAILY LIVING

Conventional clinical research has focused primarily on morbidity and mortality as the outcomes 

of interest. The primary function was to provide the doctor with information concerning patient 

status and the eff ectiveness of treatment programs.100 Current outcome studies assess the results 

of interventions more from the patient’s perspective, measuring the impact of medical care on 

physical functioning, well-being, and quality of life.101,102 The importance of an ADL refl ection in 

the evaluation of nerve repair has already been emphasised.1,103 Not only in peripheral nerve 

surgery but also in general plastic surgery, there is a lack of assessment methods to evaluate 

outcome in a patient’s perspective.101 Furthermore, the vast majority of patient-based measures 

in plastic surgery do not meet rigorous scientifi c standards.102 Assessment methods need the 

following qualities; reliability (the ability to assess consistently and predictably104), validity (to 

measure that which it purports to measure104), administrative instructions, equipment criteria, 

norms, instructions for interpretation and a bibliography.100 

In 1996 the Disabilities of Arm, Shoulder and Hand questionnaire was introduced.105 They 

reported a good test retest reliability (ICC 0,92) and good internal consistency (crohnach’s alpha 

0.96).106 Unfortunately, the content validity has never been established. Only Semmes Weinstein 

monofi laments and the Jamar dynamometer fulfi l all the requirements of standardization and 

have all specifi c clinical utility features considered important.2 So these tests were used to 

establish content validity. For the purpose of this study, the DASH was translated according to 

the criteria of the Institute for Work & Health (IWH) and the American Academy of Orthopedic 

Surgeons (AAOS).

Multiple linear regression analysis (chapter 4) revealed associations between the functional 

symptom score (FSS) of the DASH and the level of sensory recovery (Semmes-Weinstein 

monofi lamants) and motor recovery (grip and tip-pinch strength). So we concluded that the 

DASH had a ‘good’ content validity for all outcome parameters. 

Quality of life and self reported measures of well-being are increasingly recognised as equally 

valid and important measures of a therapy’s success.107 Interestingly, it has been shown that the 

reliability and responsiveness of clinical questionnaires can exceed that of many physical or 
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mechanical tests.108 Following introduction, we have seen an increasing interest in the DASH. 

Based on the criteria for evaluating a good assessment method and our results, the DASH can 

be properly used to evaluate upper extremity physical (dys-) functioning. In my opinion, we 

need to ask all our patients visiting our hand outpatient clinic to complete the short version of 

the DASH, before entering the doctor’s room. 

‘ENDPOINT’ OF FUNCTIONAL RECOVERY

The regeneration capacity of the transected nerve has been described as between 1 millimeter 

and 4.5 millimeter a day.109 Tinel’s 1 millimeter a day is the capacity that is mostly quoted.97,110 

This means that reinnervation of the target end-points can take between 100 and 700 days. In 

most forearm nerve injuries, two years may not be suffi  cient for adequate motor recovery and 

sensory reinnervation.32,44 Improvement of function has been found after 1 to 6 years.57,97,111 - 113 

Defi ning and assessing an end-point is critical to the success of outcome studies.114 Longitudinal 

studies following nerve repair are unfortunately scarce and have small sample sizes. 

Motor recovery mainly depends on the interval between transection of the nerve and 

reinnervation of the muscle. From 1 week onwards, muscles begin to lose bulk and from 

three weeks the muscles become fi brotic. Muscle loses the ability to be reinnervated about 

one year after the injury.115,116 Muscle fi ber degeneration and fi brosis are the limiting factors 

for motor recovery.41 Good to complete motor recovery has been seen for denervated periods 

of up to 12 to 18 months.83,97 While Barbier and co-authors found progression of all functional 

parameters in the fi rst 9 to 12 months, no end-point was described.42 Recently, the fi rst long-

term longitudinal cohort study published the results of 19 patients followed over a four year 

period.57 They found signifi cant improvement in motor recovery as late as between the third 

and fourth year. A longitudinal cohort study by our group, based on 88 patients, showed that 

a signifi cant improvement in grip strength was seen 3.5 years following surgery and tip-pinch 

strength stabilized within three years post-operatively.112 

The time between denervation and reinnervation of the sensory organs may be less essential 

for fi nal functional sensory recovery. The moment when progress in sensibility stabilizes has 

not been investigated in detail. Dellon published that the sensory receptors in the skin can be 

reinnervated even years after the injury.115 Our meta-analysis (chapter 8) indicated a signifi cant 

improvement in functional sensory recovery for at least a follow-up period of three years. Our 

longitudinal cohort study confi rmed this fi nding and showed a signifi cant improvement in 

sensory recovery up to 4 years following surgery.(in preparation) Based on a small number of 

repaired forearm nerve injuries with a maximum of 10 cm proximal to the wrist crease, the 

greatest change in sensory outcome was seen in the fi rst post-operative year.57

After combining the results of our meta-analysis (chapter 8) and the results of our 

longitudinal follow-up study, it seems that both motor and sensory recovery stabilize between 
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the third and fourth year following injury. A follow-up time of at least 4 years is necessary to 

evaluate fi nal outcome. We need the data of our national longitudinal prospective multicenter 

study to confi rm these fi ndings. Furthermore, we also have to investigate improvement in pain, 

symptoms of cold intolerance and activities of daily living over time.

CONCLUSIONS

On one of the fi rst pages of this thesis there were a number of questions raised by the patient 

with a forearm nerve injury and the surgeon who had to operate this patient. A number of 

questions could be answered by the results of this thesis. Some of them need further research.

What will the fi nal outcome be and when will my ‘end-point’ of functional recovery be reached? 

In table 1 the long-term functional outcome for the three diff erent type of nerve injuries is 

summarized. Both motor and sensory recovery stabilize between the third and fourth year 

following injury. A follow-up time of at least 4 years is necessary to evaluate fi nal outcome. 

What will be the functional consequences? Median, ulnar or combined median ulnar nerve 

injuries cause long lasting disabilities. Even 5.5 years following surgery a mean Functional 

Table 1. Functional outcome for median, ulnar and combined nerve injuries

Median Ulnar Combined

Motor recovery§

 Grip strength#

 Tip-pinch strength#

85%
72%

71%
67%

60%
40%

Sensory recovery§

 Semmes-Weinstein (Imai)* 2.9 3.1 3.7

Functional consequences§

 FSS (DASH; range 1 - 100) 16 19 24

Social consequences
 Return to work < 1 year
 Time off  work < 1 year (weeks)

80%
24

59%
31

24%
45

Psychological morbidity 
 IES (range 0 - 75) < 1 month 24 23 35

Pain and discomfort§

 Cold intolerance (CISS; range 1 - 100) 37 36 46
§ On average 5.5 years following surgery
# Mean maximum achievable grip and tip-pinch strength of the injured hand, compared to the uninjured hand and adjusted for hand 
dominance.
* 1 = normal, 2 = diminished light touch, 3 = diminished protective sensation, 4 = loss of protective sensation, 5 = anesthetic
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Symptom Score of 19 on the DASH questionnaire was reported. Which can be interpreted as 

long-term disability of a number functional activities.

How long will it take before I can start work again? 59% of our nerve injury patients were able 

to return to work within one year and the average time off  work was 31 weeks. The cumulative 

proportion of patients returning to work at 3, 6 and 9 months was 19%, 43% and 53%.

What are the prognostic factors?

Delay: For each month of extra delay the chance of successful sensory recovery was reduced by 

8%. Furthermore, if there is a delay for any reason, there seemed to be a tendency for an early 

secondary repair (1 - 3 months).

Age: Patients below 16 years of age were four times more likely to have satisfactory motor 

recovery and 27 times more likely to have satisfactory sensory recovery than patients over 40 

years of age.

Level of injury infl uenced fi nal motor recovery. Patients with a distal (wrist and distal 2/3 of 

forearm) nerve injury were 2.2 times more likely to have a better satisfactory motor outcome.

Cognitive capacity: an association was found between diff erent tests to establish cognitive 

capacity and the long-term sensory recovery, in terms of perception of touch and pressure.

Hand therapy: Patients who participated in our specialized hand therapy program had a 4 times 

higher chance of getting back to work.

Psychological morbidity: Evidence was found for an adverse eff ect of early psychological stress 

on functional recovery. Patients who suff ered severe early posttraumatic psychological stress 

were six times more likely not to return to work within one year, compared to the group that 

reported a minor psychological response.

Speed of sensory recovery: Time until the fi rst sign of sensory reinnervation was noticed seemed 

to be a good predictor for fi nal motor recovery.

Does this man need psychological assistance? 94% of the median, ulnar or combined median 

ulnar nerve injuries experienced psychological stress within the fi rst month post-operatively. 

36% of subjects and 43% of the spaghetti wrist patients reported suffi  cient symptoms at one 

month post-operatively to be classifi ed as being in need of psychological treatment.

How long do I need to participate in the post operative rehabilitation program? Patients who 

followed our hand therapy protocol, which focuses on early passive motion muscle strength 

and sensory reeducation had a 4 times higher chance of getting back to work. More than three 

months of hand therapy is essential to prevent muscle fi brosis and to optimize reorganization 

of new sensory inputs of somato-sensory cortex.

I experience pain during exposure to cold, will this diminish? On average 5.5 years following 

surgery, 36% of the study population reported suffi  cient symptoms to be classifi ed as cold 

intolerance. It seems that symptoms of cold intolerance do not decrease over the years. A very 

close relationship between the level of sensory recovery and the level of cold intolerance was 

found.
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FUTURE PERSPECTIVES

‘Techniques for clinical approximation of the severed nerve ends have reached an optimal technical 

refi nement and new concepts are needed to further increase the results from nerve repair’.7

Prognostic model

There is unfortunately still no good quantitative test that has a predictive value for fi nal clinical 

functional outcome.117 As mentioned in the introduction, all test methods only give information 

about the actual status of reinnervation. In 1987 the question was raised as to whether it is possible 

to predict the outcome of peripheral nerve injuries.118 They hypothesized that considering the 

individual re-growth of the elementary components of a nerve, the neuritis rather than the 

global regeneration of the organ could lead to a better understanding of the mechanisms of 

nerve repair. This study provided a model that satisfactorily describes the events taking place 

in a healing nerve rather than a model to predict the outcome in individual situations. Based 

on a statistical and mathematical approach, Fahmy et al has tried to develop a computational 

measure to predict outcomes.119 In his model he included the axonplasmic volume of axons 

fi bers distal to the lesion as one of the leading predictors. The axonplasmic volume is based on 

diameter, length of the distal segment and axon diameter. Age, duration and location of the 

lesion were incorporated into the model as additional predicting factors. Preliminary results 

showed an agreement coeffi  cient of 0.9, based on a small number of patients. 

In order to design a clinical prognostic model for forearm nerve injuries, there is an important 

question which fi rst needs to be answered. Do we need an overall functional outcome score 

which is based on the diff erent outcome parameters, or do we need separate models which can 

predict the outcome of the diff erent outcome variables? It is my opinion that we need separate 

models. Especially where the patient is concerned, we need separate predicting models that 

provide immediate post-operative information, for example about his changes to return to 

work and the ability to carry out his activities of daily living once again. Additionally, based on 

the type of job the patient had pre-injury, patients will be more interested in motor recovery 

than others. Furthermore, if we can predict the outcome of separate outcome variables, we will 

be able to optimize our post-operative treatment by early interventions. For example, if motor 

recovery is likely to be poor, we can perform early tendon transfers. A factor analysis showed 

that 73% of the variances were explained by the outcome variables: sensory recovery, motor 

recovery and pain and discomfort.1 Additional elements for a model to quantify functional 

outcome will concern disabilities relating to the activities of daily living and the ability to 

return to work. I believe that if we would like to provide an overall outcome, we have to design 

predicting models for all these diff erent outcome variables.

We performed a quantitative analysis of our prognostic variables. Diff erent outcome variables 

(sensory recovery, motor recovery, recovery of activities of daily living, return to work and 

cold intolerance) were found to have diff erent predicting variables. ROC (Receiver Operating 
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Characteristic) area analysis showed that over 80% of the outcomes of our patients could be 

correctly predicted by the predicting variables: age, delay, level of injury and type of nerve 

injury (chapter 8). In order to build a prognostic model in the future the following predicting 

variables shoud be considered: age, delay, level of injury and type of injury. Cognitive capacity 

needs to be included in case sensory recovery needs to be predicted. Based on the results of 

our prospective study the inclusion of psychological stress in our models will be determined 

in the near future. Statistical analysis on our retrospective population (90 - 98) showed that our 

number of patients was too small to create valid prognostic models for the diff erent outcome 

parameters.

Furthermore, we need information about the progression of the diff erent outcome variables 

over time. Recently, a model instrument was introduced for documentation and quantifi cation 

of the functional outcome after forearm nerve injury repair to evaluate functional recovery 

over time.1 Unfortunately, the predictive capabilities of this kind of progression chart are 

only mediocre. On the other hand, these charts will create the ability to focus during our 

rehabilitation program on the outcome variables, which do not follow the normal functional 

progression curve. Our multicenter prospective study will provide this information.

Future assessment

After introduction of Von Frey hairs in 1896, there has being ongoing development of new 

assessment methods. In 1987, the MRI was introduced to visualize the median nerve in the 

hand and wrist.120 Although the quality of the images was not high, they could accurately 

depict anatomy and pathology of the carpal tunnel.121 Most of the MRI studies focused on 

the carpal tunnel syndrome. Diff erent levels of sensitivity and specifi city have been reported 

for diagnosing the carpal tunnel syndrome. MRI can also be used to diagnose and evaluate 

peripheral nerve injuries.122 The Wallerian degeneration of the distal segment in axonotmetic 

and neurotmetic injuries can be visualized as early as four days following the nerve injury.121 

Furthermore, denervated muscles show increased signal changes. A study by West and co-

authors showed that MRI provides a visual representation of denervated muscles that is useful 

in localizing and grading the severity of peripheral nerve injury secondary to either disease or 

trauma.123 Recently, a study has been started by our group to evaluate the association between 

the amount of MRI signal changes in the denervated muscles and the clinical outcome.124 

Perhaps in the near future MRI will be able to help us to locate neuromas and extensive scar 

tissue, which inhibit the progress of regenerated nerve fi bers, and to visualize the progress of 

the regenerating proximal nerve segment. Additionally, MRI diff usion-weighted imaging may 

revolutionize nerve imaging by transition from anatomic to physiologic imaging.121 MRI may 

then play an important role in the prediction of clinical outcome and the formulation of post-

operative therapy.

New assessment methods to evaluate the diff erent outcome markers of nerve regeneration 

are continually being developed. Some of them have an additional value. For example: 
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quantitative evaluation of the intrinsic muscles.125 On the other hand, it is desirable to keep the 

number of outcome measures developed to a minimum to facilitate comparative studies and 

reduce confusion in literature.102 Recently a project group was set up comprising plastic surgeons 

representing the British association of plastic surgeons, experts in health measurements and 

health service researchers with the aim of trying to control the development of new patient-

based outcome measures for hand/arm plastic surgery.102

Central nervous system

‘The outcome from nerve repair depends mainly on central nervous system factors including 

functional cortical reorganisational processes caused by misdirection in axonal outgrowth’.126

The size of the cerebral cortex area corresponding to the nervous center of the hand, in 

comparison with that of other parts of the body, gives a clear idea of the importance of the 

hand.127 An increasing number of studies suggest that cortical reorganisational changes are the 

major reasons for sensory dysfunction.126,128,129 In Chapter 7, we describe that patients with less 

capacity to reorganize the sensory inputs of the somatosensory cortex will have less long-term 

sensory outcome.130 

The possibility of assessing, visualizing and infl uencing the reorganization process of the 

brain will be an important goal to improve sensory recovery and functional outcome of the 

hand. It was mentioned in the Richard P Bunge memorial lecture that since peripheral nerve 

repair techniques cannot be further refi ned, there is a need for new and improved strategies for 

sensory relearning following nerve repair.126 The process of reorganization of the somatosensory 

cortex can be visualized by the non-invasive functional MRI (fMRI). The diff erent digits of the 

hand have already been visualised separately and quantifi ed for their activation.131 - 134 The ability 

to visualize the somato-sensory cortex will help us to determine the exact time interval for the 

axons to reach their target organs. Furthermore the amount of mismatch can be visualized. Our 

sensory re-education program can be adjusted to the type and amount of mismatch which has 

been visualised by the fMRI. A fi rst pilot study has shown better sensory recovery when sensory 

re-education was adjusted to the results of the fMRI (www.hand.mas.lu.se) A large randomized 

clinical trial is needed to confi rm this fi nding. 

‘End to side’ nerve repair 

In cases where functional recovery is unsatisfactory or no proximal stump is available, an 

‘end to side’ nerve repair can be performed. After the fi rst description of the ‘termino-lateral 

neurorrhaphy’ by Balance and co-authors135, this method was reintroduced in the mid 1990s. 

In animal experiments, collateral sprouting was found after connecting a distal segment to the 

donor nerve.136,137 Both sensory and motor axons were found in the donor nerve.138 - 140 

The clinical application of the end to side repair is not totally defi ned and clinical studies are 

sparse.141,142 Most of these studies are case reports and functional results varied over a wide 
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range. Some reported both motor and sensory reinnervation of the target organs.143 - 146 More 

negative results were published by others.147,148 Recently, in a prospective study of 10 patients 

with a mean follow-up of 14 months, no patient demonstrated objective evidence of motor 

recovery and three patients had modest recovery in their deep protective sensation.149,150 In 

some of the publications, the end to side repair is seen as an additional technique which may 

replace the use of nerve grafts in the future.143 In the near future we need controlled clinical 

trials to compare functional outcome of the end to side neurorrhaphy with the established 

nerve grafting techniques. In addition, the need for an epineural or perineural window at 

the connection site should be further investigated. If morbidity of an epineural or perineural 

window is better analyzed, maybe in the near future we will be able to off er patients with no or 

minimal sensory recovery an end to side neurorrhaphy.

Another application of end to side neurorrhaphy could be to diminish donor morbidity when 

using nerve grafts. To bridge nerve defects we have to sacrifi ce healthy nerves. Currently the 

sural nerve is mostly being used. There has been minimal analysis of the application of the end 

to side principle to minimize the sensory defi cit following off ering the sural nerve.151

Non-neural conduits

Donor morbidity and diff erent diameter and fascicular architecture compared to the injured 

nerve are the most important disadvantages of the use of donor nerve grafts. Non-neural tissue 

and synthetic substances have been used as alternatives for nerve grafts for the last century, 

although with marginal success.122 Autologous muscle, arteries, veins, and silicon or bio-

absorbable conduits have been developed to bridge nerve defects. Ultimately, conduit material 

does not as yet seem to have a profound eff ect on outcome.152 Recently, it was published that 

nerve repair by a silicon tube resulted in less cold intolerance.153 I have every confi dence that 

progress in chemical engineering and molecular biology may provide superior nerve conduits, 

with all kind of additives like growthfactors etc., in the near future.

Nerve allografts and hand transplantation

To minimize donor site functional defi cits and morbidity, nerve allografts can be used.154 In 

1885, this method was introduced with disappointing results.155 In nearly all the following 

studies, animal models were used to analyze the outcome of nerve allografts. In the fi rst 

clinical study, 6 out of 7 patients regained sensory and motor function, without rejection of 

the graft.156 - 158 To prevent rejection of nerve allografts, systemic immunosuppression is needed. 

Serious side eff ects of immunosuppressants have been reported. Since the use of azathioprine, 

in 1961, to prevent rejection of renal allografts, many new immunosuppressants have been 

introduced. Gold and co-authors were the fi rst to describe the positive neuroenhancing eff ect 

of FK506 beside the immunosuppressive eff ects.159,160 FK506 protects neural cells from ischemia 

and blocks neural apoptosis.161 Positive eff ects, without serious side eff ects, of low dose FK 

506 in generalized myasthenia gravis have been reported.162 Maybe FK 506 can be used in a 
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comparable dose to improve nerve regeneration and clinical results following nerve allografts. 

In my opinion, there may be an application of nerve allograft transplantation if the functional 

results of bio-artifi cial nerve grafts such as silicon tubes continue to be inferior to the autologous 

nerve grafts and if the toxicity of immunosuppressive therapy can be minimized or resolved.

In cases where a traumatically amputated hand cannot be replanted, hand transplantation 

may be an option. On September, 23 1998, the second human hand transplantation in human 

history was performed.51,163,164 In 1964 in Ecuador the fi rst transplanted hand was rejected 

within two weeks. Extensive research into clinical and immunological aspects of partial 

hand transplantation was carried out by Hovius and Stevens.165 Until 2004, 18 patients had 

undergone 24 human hand transplantations. Functional results are promising with results 

superior to those obtained with protheses.166,167 A faster nerve regeneration rate than expected 

was found in the hand transplantation cases. It was proposed that this phenomenon could 

be related to neuroregenerative and neuroprotective eff ects of immunosuppression of FK 506 
154,168,169 Despite a time range of 4 to 22 years following amputation, after 12 months patients 

recovered protective sensation and some discriminative sensation. Intrinsic muscle activity was 

documented with electromyography and the range of motion was satisfactory.167 

Age is accepted as a restricted factor for microsurgery. Replantation of a hand in a very 

elderly patient is disputable. Even in nerve surgery, palliative surgery was proposed for elderly 

patients.83 A non-functional hand with poor sensibility may be inferior to the highly sophisticated 

myoelectric hand prostheses. The most recent models provide a kind of local feedback, but still 

no sensory feedback can be provided.170 - 172 It is well known from the literature that an amputated 

upper or lower limb will give disturbed body image with signifi cant psychological morbidity.173 

A recent study of a hand replantation in an 84 year old men showed after two years follow-up 

a hand with poor sensibility, absence of intrinsic muscle activity and weak extrinsic muscle 

activity.174 On the other hand the hand was warm and a good colour. Based on these results 

and what is known from the literature on hand prostheses, hand prostheses can still not be 

classifi ed as an alternative for hand replantation or even homologous hand transplantations.

Artifi cial sensibility

In the case of absence of sensory recovery, creation of artifi cial sensibility may be an option. 

Osseoperception can be used to create a kind of tactile perception. Extensive research on 

osseoperception is done by dental researchers working with dental implants. Osseoimplanted 

prostheses restore jaw function more appropriately, with improved psychophysiological 

discriminatory ability and oral stereognosis.175 - 177 In hand surgery osseointegrated screws can 

be used to transmit pressure and vibration to bone giving a kind of sensation.170,177,178

Another option for artifi cial sensibility would be the use of hearing as an alternative 

sense.179,180 This principle was based on the fact that diff erent textures create diff erent acoustic 

stimuli. Microphones were mounted on the diff erent fi ngertips of non-sensate hands. Diff erent 

vibrotactile stimuli were magnifi ed to generate diff erent acoustic signals of the separate fi ngers 
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as a substitute for lost of hand sensibility. Preliminary results showed that patients were able to 

perceive touch and diff erentiate between diff erent textures.179 

Lundborg, aimed to preserve the cortical hand representations by artifi cial sensibility, using 

a sensor glove and artifi cial neural network.181,182 This system was developed to minimize the 

process of cortical reorganisation. During the fi rst months, when there is no sensibility in the 

hand, the somatosensory cortex kept activated. It seemed that the cortical acusto-tactile 

interaction provided a better recovery of tactile gnosis.126,182 

Cost-eff ective analysis

Outcome research also aims to assess quality of care.183,184 In an era of research constraints, 

clinical practices must not only be eff ective, they must also provide benefi t at the most 

reasonable cost.101,185 The cost eff ectiveness of upper extremity nerve injury repair has never 

been studied in detail. Nothing has been published on quality-adjusted life years. Gaul 

described a cost-benefi t ratio of 1:16 for catastrophic hand injuries by dividing the net cost 

by the net benefi ts.186 It therefore seems that upper extremity nerve surgery may be very cost 

benefi cial, but extensive surgery with secondary tendon transfers and long-term hand therapy 

with sensory re-education may become progressively less cost-eff ective with increasing age. 

Nowadays our health care system is increasingly infl uenced by market forces and doubts 

are being raised about the effi  cacy of some medical procedures.187 In response to increasing 

pressure from these social authorities and policy makers, more extensive research is needed 

in this fi eld. 

Multicenter prospective studies and randomized clinical trials

In 2000 the ZERO study group started a longitudinal prospective multicenter study in the 

Netherlands focused on median and ulnar nerve injuries. Data analysis has begun.188 With the 

results of the prospective part of the ZERO study, we hope to provide answers to questions that 

still exist and to confi rm our conclusions. 

Based on the European Community concept, it is necessary to set up eff ective collaboration 

between diff erent hand surgery centers that specialize in peripheral nerve surgery. Progressive 

development and application of information technology in clinical medicine may facilitate 

such studies in the near future.189 In the fi eld of hand surgery, a lack of randomized controlled 

clinical trials for many common therapies has already been mentioned.108 In the short term 

more clinical peripheral nerve surgery trials are therefore needed to provide statistically based 

information for clinical pre-, per- and post-operative decision making.
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SUMMARY

In chapter 1 the author provide a general introduction on median and ulnar nerve injuries. 

Furthermore the aims for this thesis, entitled median and ulnar nerve injuries: prognosis and 

predictors for clinical outcome, are defi ned.

Chapter 2 comprises an investigation into the overall functional outcome of median and 

ulnar nerve injuries. 313 wrist and forearm nerve injuries operated upon between 1980 and 1997 

were reviewed in relation to complications, return to work, sensor and motor recovery. Twenty-

one percent (21%) of the study-population achieved ‘good’ sensory recovery. ‘Good’ motor 

recovery occurred in forty-nine percent. Motor recovery, progress of sensory reinnervation and 

number of severed structures were related to the type of injury. Time between laceration of the 

nerve and the fi rst sign of sensory reinnervation seemed to be a good predictor for fi nal motor 

recovery. A probability of a 24% of work loss, after a mean follow-up of 17.7 months, was found. 

Poor sensory and motor recovery were associated with work disability. Level of injury, type of 

work, number of complications and hand-therapy were found to infl uence return to work. This 

study was used to defi ne further aims for the thesis. 

Despite the devastating nature of ‘spaghetti wrist’ injury, little attention has been paid to 

this extensive wrist trauma. The main objective of chapter 3 was to assess long-term outcome 

following ‘spaghetti wrist’ injury in terms of functional recovery, return to work potential 

and psychological distress for a large group (n = 67) of ‘spaghetti wrist’ patients. This study 

demonstrated that, despite a mean follow-up of 10 years, spaghetti wrist patients were still 

functionally impaired. Grip strength loss of 24% compared to the uninjured hand, tip pinch 

strength loss of 34% and 32% had no protective sensation. Almost half of the study-population, 

employed at the day of injury, could not return to work within one year following the accident. 

Mean time off  work (TOW) was 35 weeks. Moderate to severe psychological symptoms (Impact 

of Event Scale > 17) during the fi rst month following the injury, were present in 64% of the 

patients. Based on a statistical analysis the defi nition ‘a minimum of ten completely injured 

structures, including at least one major nerve’ is the most appropriate defi nition to describe 

‘spaghetti wrist’ trauma. 

In chapter 4 content validity of the DASH (Disabilities of Arm Shoulder and Hand) questionnaire 

was examined. This study was additionally designed to investigate the ability to resume various 

everyday tasks and provide long-term DASH scores for forearm nerve injury patients. Multiple 

linear regression analyses adjusted for age, sex, hand dominance and severity of the trauma 

revealed associations between the functional symptom score (FSS) of the DASH and the level of 

sensory recovery (Semmes-Weinstein monofi lamants) and motor recovery (grip and tip-pinch 

strength). Patients capable of returning to productivity showed lower DASH scores (adjusted 

mean = 12.5) compared to the non-return to work population (adjusted mean = 26.6). We 

concluded that the DASH had a ‘good’ content validity for all outcome parameters. Mean DASH 

score was 18.7 after a mean follow-up of 5.5 years.



Chapter 5 analyses absence from work and the ability to return to work (RTW) after surgical 

repair of median, ulnar and combined median-ulnar nerve injuries. Furthermore was aimed 

to defi ne risk factors for delayed RTW. Within 1 year after injury, 59% returned to work. The 

cumulative proportion of return to work at 3, 6 and 9 months post-injury was 19%, 43% and 

53%, respectively. Mean TOW was 31.3 weeks. RTW after combined nerve injuries was 24% 

versus 80% after isolated median and 59% after ulnar nerve injuries. Level of education, type 

of job and compliance to hand therapy were found predictors for RTW. Grip strength loss, tip 

pinch strength loss and sensory recovery diff ered strongly between the RTW and No RTW 

population.

Psychological stress following median and ulnar nerve injuries has never been investigated 

in detail. Chapter 6 discusses the psychological impact of forearm nerve injuries. Another 

objective was to examine to what extent psychological stress has an eff ect on outcome. Ninety-

four (94%) percent of our study population experienced psychological stress, within the fi rst 

month post-operatively. Thirty-six (36%) percent of subjects reported suffi  cient symptoms at 

one month post-operatively to be classifi ed as, in need for psychological treatment (IES > 30). 

Combined median-ulnar nerve injuries (mean IES 35.0) were accompanied with a higher 

psychological stress compared to the single nerve injuries (median: mean IES 24.2 and ulnar: 

mean IES 22.6). Multiple linear regression analyses adjusting for age, sex and severity of the 

trauma revealed an association between the IES-score and functional symptom score (FSS), 

mean TOW and motor recovery (grip strength and tip-pinch strength). High education was 

found to be a protecting variable for post traumatic psychopathology. 

The denervated hand loses cortical representations in the central nervous system. To 

establish pre-injury representations remodelling of the somatosensory cortex is needed. The 

level of cognitive may play a role in this process and therefore may have a substantial eff ect 

on the prognosis. The study described in chapter 7 was designed to quantify the association 

between cognitive capacity and long-term sensory recovery, in terms of perception of touch 

and pressure. The Stroop Colour Word Test (SCWT), the Dutch version of the National Adult 

Reading Test (NART) and the California Verbal Learning Test (CVLT) were used to assess the 

diff erent components of cognition. Multiple linear regression analyses adjusting for age, sex 

and education revealed an association between long-term sensory recovery and SCWT, NART 

and a number of scores of the CVLT. We concluded that beside cognitive capacity level of 

intelligence appeared to aff ect the level of sensory recovery. Furthermore, this study showed 

that combined median-ulnar nerve injuries were accompanied with less sensory recovery 

compared to the single nerve injuries.

In chapter 8 the results of a meta-analysis based on individual patient data on motor and 

sensory recovery after microsurgical nerve (median, ulnar and combined) repair are reported. 

Motor and sensory recovery were signifi cantly associated. Multivariate logistic regression 

analysis showed that age, site and delay were signifi cant predictors of successful motor 
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recovery. In ulnar nerve injuries the chance of motor recovery was 71% lower than in median 

nerve injuries. For sensory recovery age, and delay were found to be signifi cant predictors.

Chapter 9 includes the general discussion and conclusions. The results of the diff erent 

chapters will be compared. Directions for further research in the future are being given.
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SAMENVATTING

Hoofdstuk 1 is de introductie voor dit proefschrift naar medianus en ulnaris zenuwletsels. 

Verder worden de doelstellingen voor dit proefschrift met de titel: ‘median and ulnar nerve 

injuries: prognosis and predictors for clinical outcome’ beschreven.

Hoofdstuk 2 is een onderzoek naar de totale uitkomst van medianus en ulnaris zenuwletsels. 

313 zenuwletsels van pols en onderarm, die geopereerd waren tussen 1980 en 1997 werden 

geanalyseerd met betrekking tot complicaties, terugkeer naar werk, sensibel herstel en motorisch 

herstel. Eenentwintig procent (21%), van de onderzoekspopulatie behaalde een ‘goed’ sensibel 

herstel. ‘Goed’ motorisch herstel werd bereikt in negenenveertig procent (49%). Het motorische 

herstel, de progressie van het sensibele herstel en het aantal bij het letsel betrokken structuren 

bleken af te hangen van het type letsel (medianus, ulnaris of gecombineerd). De tijd die zat 

tussen de doorsnijding van de zenuw en het eerste teken van sensibele reïnnervatie bleek een 

voorspellende maat voor het uiteindelijke motorisch herstel. Vierentwintig procent (24%) van 

de studie populatie bleek nog niet te zijn teruggekeerd naar het werk, na een gemiddelde van 

17.7 maanden. Slecht sensibel en motorisch herstel waren geassocieerd met een verminderde 

kans om terug te keren naar het werk. De mogelijkheid tot terugkeer naar het werk werd 

bepaald door de volgende voorspellende waarden: niveau van de zenuwdoorsnijding, soort 

werk, aantal complicaties en het volgen van handtherapie. Deze studie werd verder gebruikt 

voor het defi niëren van verdere doelstellingen voor dit proefschrift. 

Ondanks het slechte karakter van het ‘spaghetti pols’ trauma is er weinig aandacht, in de 

internationale literatuur, geweest voor dit uitgebreide trauma van de pols. Het doel van 

hoofdstuk 3 was dan ook onderzoek te doen naar de lange termijn resultaten van het ‘spaghetti 

pols’ trauma. Er is gekeken naar de functionele uitkomst, de mogelijkheid terug te keren naar 

het werk en psychologische stress bij 67 ‘spaghetti pols’ patiënten. Deze studie liet zien dat, 

zelfs na een gemiddelde follow-up van 10 jaar, ‘spaghetti pols’ patiënten duidelijk functioneel 

beperkt zijn. Grijpkracht was 24% minder ten opzichte van de niet aangedane hand, een ‘tip-

pinch’ kracht verlies van 34% en 32% van de studiepopulatie bleek geen beschermend gevoel 

van de hand verkregen te hebben. Bijna de helft van de patiënten die aan het werk waren toen 

het trauma optrad, kon het werk niet hervatten binnen een jaar, wat resulteerde in de ‘WAO’. 

Gemiddeld aantal ziektewetweken was 35 weken. Matig tot ernstige psychologische stress 

symptomen (Impact of Event Scale > 17), waren in de eerste maand na het trauma aanwezig in 

64% van de patiëntenpopulatie. Gebaseerd op statistische analyse van onze resultaten bleek dat 

de defi nitie van ‘minimaal 10 anatomische structuren met daarbij op z’n minst betrokkenheid 

van een van de grote zenuwen van de onderarm’ de meest toepasselijke defi nitie was om het 

‘spaghetti pols’ trauma te defi niëren. 

In hoofdstuk 4 is onderzoek gedaan naar de ‘content validity’ van de DASH (Disabilities of 

Arm Shoulder and Hand). Verder is de mogelijkheid tot het verrichten van de activiteiten van 

het dagelijkse leven (ADL) bestudeerd. Tot slot zijn de DASH scores voor zenuwletsels van de 
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onderarm bepaald. Multipele lineaire regressie analyse gecorrigeerd voor leeftijd, geslacht, 

dominante hand en ernst van het trauma liet een verband zien tussen de ‘functional symptom 

score (FSS)’ van de DASH en de mate van sensibel herstel (Semmes-Weinstein monofi lamenten) 

en motorisch herstel (grijp en ‘tip-pinch’ kracht). Patienten die konden terugkeren naar het 

werk hadden een lagere DASH score (gecorrigeerd gemiddelde 12.5) dan de patienten die niet 

konden terugkeren naar het werk (gecorrigeerd gemiddelde 26.6). Wij concludeerden dan ook 

een ‘goede’ ‘content validity’ van de DASH voor alle uitkomst parameters. De gemiddelde DASH 

score was 18,7 bij een gemiddelde follow-up van 5.5 jaar.

 In hoofdstuk 5 worden sociale consequenties van medianus, ulnaris en gecombineerde 

medianus-ulnaris zenuwletsels geanalyseerd. Gekeken is naar het aantal weken in de 

ziektewet en de mogelijkheid terug te keren binnen een jaar naar het werk. Verder is getracht 

voorspellende waarden te defi niëren voor de mogelijkheid terug te keren naar het werk. Binnen 

het eerste jaar na het zenuwletsel, was 59% van de studiepopulatie in staat terug te keren naar 

het werk. Het cumulatieve percentage van terugkeer naar werk was respectievelijk na 3, 6 en 9 

maanden, 19%, 43% and 53%. Gemiddeld aantal ziektewet weken was 31.3 weken. Terugkeer 

naar werk, binnen 1 jaar bij een gecombineerd medianus-ulnaris zenuwletsel was 24%, versus 

80% voor een medianus letsel en 59% voor een ulnaris letsel. Mate van educatie, soort werk 

en therapietrouw aan de handtherapie bleken voorspellende waarden voor de terugkeer naar 

het werk. Verlies van grijpkracht, verlies van ‘tip-pinch’ kracht en sensibel herstel verschilde 

aanzienlijk tussen de mensen die konden terugkeren naar het werk en de mensen die niet in 

staat waren terug te keren naar het werk. 

Psychologische stress na letsel van de nervus medianus en ulnaris is nooit in detail 

onderzocht. Binnen hoofdstuk 6 is onderzoek gedaan naar de psychologische stress na 

zenuwletsels van de onderarm en het eff ect van deze stress op de uitkomst. Vierennegentig 

procent (94%) van de studiepopulatie ervoer enige mate van psychologische stress, binnen 

de eerste maand postoperatief. Zesendertig procent (36%) van de studiepopulatie liet genoeg 

symptomen van psychologische stress zien (IES > 30) om daarvoor behandeld te worden. De 

gecombineerde medianus-ulnaris zenuwletsels (gemiddelde IES 35.0) gingen gepaard met een 

aanzienlijk hogere mate van psychologische stress dan de geïsoleerde medianus (gemiddelde 

IES 24.2) en ulnaris (gemiddelde IES 22.6) zenuwletsels. Multipele lineaire regressie analyse 

gecorrigeerd voor leeftijd, geslacht en ernst van het trauma liet een associatie zien tussen de 

hoogte van de IES score en de ‘functional symptom score’ (FSS), gemiddeld aantal ziektewet 

weken en motorisch herstel (grijpkracht en ‘tip-pinch’ kracht). Hoge mate van educatie bleek 

een beschermende factor voor het ontwikkelen van post traumatische psychopathologie.

De gedenerveerde hand verliest zijn corticale representaties in het centrale zenuwstelsel. 

Om de corticale representaties van voor het trauma te herstellen is een proces van remodulatie 

van somatosensorische cortex nodig. De cognitieve capaciteit van de patiënt zou hierop van 

invloed kunnen zijn. De studie beschreven in hoofdstuk 7 onderzoekt het eff ect van cognitieve 

capaciteit op het sensibele herstel (perceptie van aanraking en druk) op de lange termijn. De 
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Stroop Colour Word Test (SCWT), de Nederlandse versie van de National Adult Reading Test 

(NART) en de California Verbal Learning Test (CVLT) werden gebruikt om de verschillende 

componenten van cognitie te onderzoeken. Multipele lineaire regressie analyse gecorrigeerd 

voor leeftijd, geslacht en educatie liet een verband zien tussen sensibel herstel op de lange 

termijn en SCWT, NART en een aantal van de scores op de CVLT. Verder concludeerden wij dat 

naast cognitieve capaciteit de mate van intelligentie van invloed lijkt te zijn op het sensibele 

herstel. Deze studie liet tot slot zien dat de gecombineerde medianus-ulnaris zenuwletsels 

gepaard gaan met een lager niveau van sensibel herstel dan de geïsoleerde zenuwletsels.

In hoofdstuk 8 zijn de resultaten beschreven van een meta-analyse, gebaseerd op individuele 

patiëntendata, naar motorisch en sensibel herstel van medianus en ulnaris zenuwletsels. 

Motorisch en sensibel herstel bleken statistisch met elkaar te zijn geassocieerd. Multivariabele 

logistische regressie analyse liet zien dat leeftijd, ‘delay’ en niveau van de laesie voorspellende 

waarden waren voor ‘succesvol’ motorisch herstel. Verder bleek dat de ulnaris zenuwletsels een 

71% lagere kans hebben op ‘succesvol’ motorisch herstel. Voor sensibel herstel waren leeftijd 

en ‘delay’ signifi cante voorspellers. 

Hoofdstuk 9 bevat de discussie en de conclusies van dit onderzoek. De resultaten van de 

verschillen hoofdstukken worden met elkaar vergeleken. Verder worden richtingen gegeven 

voor verder onderzoek in de toekomst.
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