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Disability and health after replantation or
revascularisation in the upper extremity in a
population in southern Sweden – a retrospective
long time follow up
Hans-Eric Rosberg

Abstract

Background: Replantation in the upper extremity is a well-established microsurgical procedure. Many have
reported patients’ satisfaction and functional measurements.
The aim was to investigate the long time consequences as activity limitations in hand/arm, the general health and
cold sensitivity after a replantation or revascularization in the upper extremity and to examine if sense of coherence
(SOC) can be an indicator for rehabilitation focus.

Methods: Between 1994–2008, 326 patients needed replantation/revascularization in the upper extremity. 297
patients were followed up. Information was collected from the medical notes and by questionnaires [Quick-DASH
(disability hand/arm), EuroQ-5D (general health), CISS (cold sensitivity) and SOC (sense of coherence)]. Severity of
injury was classified with the modified Hand Injury Severity Score (MHISS).

Results: The patients [272 (84%) men and 54 (16%) women; median age 39 years (1–81 years)], where most injuries
affected fingers (63%) and thumb (25%), commonly affecting the proximal phalanx (43%). The injuries were
commonly related to saws (22%), machines (20%) and wood splints (20%). A direct anastomosis (30%) or vein grafts
(70%) were used. The overall survival was 90%. 59% were classified as Major.
Equal parts of the injuries took part during work and leisure, DASH scores at follow up were worse (p = 0.005) in the
former. Twenty percent changed work and 10% retired early. Patients with early retirement were significantly older,
had a more severe injury, worse disability, quality of life and functional outcome. Median DASH score was low [11.4
(0–88.6)] and correlated with severity of injury. Abnormal cold sensitivity (CISS > 50) was seen in 51/209 (24%) and
they had a worse disability, quality of life, functional outcome and lower SOC. Patients with a low SOC had on the
whole a worse outcome compared to patients with a high SOC and with significant differences in age, EQ-5D,
Quick-DASH and CISS.

Conclusions: A high MHISS, abnormal cold intolerance and a low SOC seems to be factors influencing the patients’
outcome and might be relevant in the rehabilitation of the patients. Also, those who had to retire early had a
worse disability, quality of life and functional outcome.
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Background
Replantation and revascularization in the upper extrem-
ity after severe hand injury or total or subtotal amputa-
tion of fingers or, hand or arm is a well established
microsurgical procedure [1]. Many reports describe the
outcome of digital replantation and reporting survival
rates and functional outcome [2-10], including thumb
replantation [11-13] and more proximal replantations,
have been validated [14,15]. Most of the studies report
overall survival rates and have used some classification
system to report functional outcome. There is a discrep-
ancy between the subjective satisfaction from the surgery
and objective measurements of range of finger motion
and grip strength [8-10,15]. The patient’s real benefit
from a replantation is difficult to define. It may depend
on how well the patient can cope with the trauma and
be able to return to normal life of daily living, work and
leisure activities.
The SOC instrument reflects a person’s capacity to

respond to a stressful situation [16,17]. In patients with
moderate orthopaedic injuries, like different types of frac-
tures in the lower and upper limb, it has been shown that
low SOC is associated with an increased risk of having less
good clinical and functional outcome [18].
The purpose of this study is to evaluate the long time

outcome in hand function, health and quality of life, cold
sensitivity and sense of coherence.

Methods
Between January 1994 and December 2008, 326 patients
had surgery due to no arterial circulation in a finger,
hand or arm. At follow up fourteen had died, 11 were
foreigners (i.e. no contact address) and 4 had no address.
Left for follow up were 297 patients. Ethical approval
was obtained from the ethics committee Malmö/Lund,
Sweden (ethical permit number 714/2004).
Information regarding the accident and surgery was

found in the medical notes. Age at injury, sex and work
was also found in the medical notes.
The severity of the injury was classified with the modi-

fied Hand Injury Severity Score (MHISS) [19]. The injur-
ies can then, depending on the score, be divided into
broad categories, such as “Minor”, “Moderate”, “Severe”
and “Major”. With the HISS it is only possible to score
injuries distal to the wrist. The MHISS will make it pos-
sible to include injuries proximal to the carpus and in
the forearm. However, still is it not possible to score in-
juries in the upper arm. In this study, only three patients
had an injury in the upper arm and therefore an approx-
imated score for those patients with an injury in the
upper arm was calculated.
Questionnaires were sent to the patients between 3

and 17 years (median 10 years) after the injury. Two
hundred fourteen patients answered the questionnaires

(72%). Seventy two per cent of the patients responded;
response was not e.g. by the youngest and oldest pa-
tients. The questionnaires were: the Disability of the
Arm, Shoulder and Hand (DASH), EuroQol (EQ-5D),
Cold Intolerance Symptom Severity (CISS), a question-
naire about diseases and work for the patient and Sense
Of Coherence (SOC) [16,20-22].

DASH
DASH is a region specific instrument [23,24]. The ques-
tionnaire covers daily activities, symptom questions and
questions related to self-image and social functioning.
The DASH score ranges from 0 to100; 0 indicating no
disability and 100 signifying the most severe disability.
In this study the Quick-DASH version was used [20].

EQ-5D
To measure health outcome in different groups, the EQ-
5D was used [21,25]. It is composed of five dimensions:
mobility, self-care, usual activities, pain/discomfort and
anxiety/depression. The reduction in quality of life asso-
ciated with the health state was taken from the Danish
TTO-tariffs [26] and defined as the difference between
perfect health and the health state value corresponding
to the EQ-5D code. The summary index score of 1 rep-
resent the best possible state of health and 0 represent
the worst condition. EQ-5D also has a visual analogue
scale (EQ-5D VAS). The patient rates his or her current
health statues on a VAS scale; a higher score indicates a
better health (0–100). The VAS scale generates more
general information on the self-perceived health state
than the EQ-5DIndex with its five dimensions.
EQ-5D is an international, widely used questionnaire

for measuring health related quality of life for different
patient categories. EQ-5D has been used to score quality
of life for hand injuries, but not for replanted patients
[27-29]. It is validated and it is reliability has been tested
[30]. It is easy to complete and quick to interpret.

SOC
Sense of coherence (SOC) was assessed with Antonovsky’s
short 13-item scale. The scores on each item ranges from
1 to 7 with a total score range from 13–91. High scores in-
dicate a high SOC. The SOC instrument reflects a person’s
capacity to respond to a stressful situation and according
to Antanovsky a person’s individual environment as being
a comprehensible, manageable and meaningful [16,17].
According to Eriksson and Lindström, SOC seems to be a
health promoting resource [31] influencing quality of life
[32]. Higher SOC has also been reported to result in a
more positive development of life satisfaction [33]. In
patients with moderate orthopaedic injuries, it has been
shown that low SOC was associated with an increased risk
of having less good clinical and functional outcome [18].
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Normative data from published studies ranges from mean
values 58.5 to 68.7.

CISS
The Swedish version of the CISS questionnaire was used
[22]. Question number 1 concerns severity of different
symptoms on exposure to cold and is not included in
the total CISS score and has a numeric rating scale (0 = no
symptoms/trouble at all and 10 = the most severe symp-
toms/trouble you can possible imagine).

Functional evaluation
A part of the patients (n = 194) had been for an examin-
ation to issue a certificate for an insurance company. In-
formation was collected from the certificate, regarding
grip power, pinch grip power, range of motion and daily
activity. The examination for the certificate was done be-
tween one and 10 years after the injury (median 2 years).

Subgroups
The whole group were divided into subgroups with re-
spect to severity of injury (MHISS), cold sensitivity
(CISS), return to work and sense of coherence (SOC).
The injury severity was classified with MHISS and de-
pending on the score the population was divided into
three groups “Moderate”, “Severe” and “Major”. Abnor-
mal cold sensitivity was defined as the cut-off value by
Carlsson, CISS score >50 = abnormality and was used to

dichotomize the study population [34]. The working
group of people was dichotomized into one group who
went back to work and one who had to retire early. The
median SOC score of 75 was used to dichotomize the
study population into low SOC and high SOC.

Data analysis
All variables are presented as median (min-max). Kruskal
Wallis test or Mann–Whitney U-test was used to detect
differences between subgroups. Fisher’s exact test was
used in analysis of contingency tables. The significance
level was set at p ≤ 0.05.

Results
General information
Table 1 summarises some variables for the total number
of patients and also divided into groups with different
replantation/revascularization level. Equal parts took
place during work (50%) and leisure (50%). More men
were injured at work (54%) than women (31%). Avulsion
injuries and log splitter injuries were more common
among women (19% and 30%) than men (9% and 18%).
The most common injuries in men were by a saw (26%)
and a crush injury (14%) compared to women (4% and
8%). The injury level was the same in men and women
with fingers and thumb as most common.
The level of injuries is presented in Figure 1. The total

number of injured fingers/thumbs was 680 (242 fingers not

Table 1 Total number of patients divided into groups with different levels of replantation/revascularization

Total n = 326 Thumb n = 83 Finger n = 205 Middle hand n = 14 Wrist n = 9 Proximal to wrist n = 13

Age (years) 39 (1–81) 46 (8–81) 34 (1–76) 30,5 (9–63) 30 (18–66) 49 (8–68)

Gender F/M 17%/83% 16%/84% 17%/83% 14%/86% 22%/78% 15%/85%

Cause of injury(%)

Saw 22 29 22 21

Wood cutter 20 18 21 21 11 31

Machine 20 23 18 21 22

Farmer 33 15

Crush 23

HISS 120 (24–409) 144 (78–406) 84 (24–409) 174 (56–337) 200 (107–323) 190 (100–250)

EQ-5D VAS 80 (5–100) 80 (30–100) 80 (12–100) 80 (15–90) 70 (5–78) 80 (10–100)

EQ-5D 0.824 0.824 0.824 0.824 0.708 0.824

index (−0.624 -1.0) (−0.324 –1.0) (−0.624 –1.0) (0.075 – 1.0) (0.034–0.713) (0.374 – 1.0)

QuickDASH 11.4 (0–88.6) 9.1 (0–72.7) 9.1 (0–88.6) 13.6 (2.3-47.7) 43.2 (27.3-88.6) 29.5 (0–59.1)

CISS 36 (10–89) 35 (4–75) 35 (0–89) 37 (14–82) 44 (18–52) 41 (4–56)

SOC 75 (27-93 76 (50–90) 73 (27–93) 79 (40–91) 72 (68–84) 80 (28–91)

ADL 13 (10–25) 13 (10–21) 13 (10–24) 14 (10–22) 21 (14–25) 18 (14–21)

JAMAR% of contalateral 66 (0–100) 84 (24–100) 64 (2–100) 56 (7–100) 28 (0–51) 25,5 (0–75)

PINCH% of contralateral 75 (0–100) 56 (12–100) 80 (6–100) 62 (9–100) 31 (12–62) 40,5 (0–80)

Median and min – max values.
Bold indicate significant difference.
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needing replantation/revascularization) and the numbers
of replanted fingers and thumbs were 350 and 88, respect-
ively. When comparing finger and thumb replantation,
we found that the patients with a thumb replanted were
older (p = 0.0002) and had a higher HISS (p = <0.0001)
than the finger replanted. The grip strength (p = 0.001) was
lower in the group of finger replanted and the pinch
strength (p = 0.004) was lower in the group with thumb
replantation. The most frequent replanted finger was index
(n = 110) and long finger (n = 103).
Sixty per cent were a replantation and 40% were a

revascularisation. The overall survival rate was 90%. The
survival rate for fingers was 91% and for thumbs 86%. In
70% of the patients a vein graft was used and in 30% a
direct anastomosis was sufficient.
The replanted patients had a higher HISS (p < 0.0001)

than those who had a revascularization.

Severity of hand injury
The median HISS was 120 (24–406) and were classified as
Moderate (13%), Severe (28%) and Major (59%). When
comparing the severity groups those with a Major injury
were older than those with a Severe injury (Table 2). Those
with a Major injury also had a worse QuickDASH, CISS,
ADL, grip strength and pinch strength compared with both
Severe and Moderate injuries (Table 2). A significant differ-
ence was also found between Major and Moderate injuries
for EQ-5D Index and SOC and also between Severe and
Moderate injuries for SOC. No difference in EQ-5D VAS
was found (Table 2).

Cold sensitivity
The median CISS was 35 (0–89). Abnormal cold sensitiv-
ity (CISS > 50) was seen in 24% (51/209). The predomin-
ant problems on exposure to cold among the patients

Figure 1 Level of amputation in the upper extremity and the
level of amputation in the hand expressed in per cent.

Table 2 Differences between patients with different hand
injury severity according to HISS severity groups

Moderate Severe Major P-values

(n = 41) (n = 92) (n = 192)

Age 35 34▲ 41 0,002

EQ-5D VAS 84 79 74 0,09

EQ-5D Index 0,874† 0,809 0,760 0,02

DASH 8,9† 15,5▲ 21,5 0,004

CISS 31† 32▲ 41 0,002

SOC 79†ϒ 70 71 0,04

ADL* 12,5† 12,6▲ 14,6 <0,0001

JAMAR%* 79† 68▲ 57 0,0007

PINCH%* 79† 76▲ 61 0,001

*Moderate (n = 24), Severe (n = 54) and Major (n = 116).
†Significant different from Major.
ϒSignificant different from Severe.
▲Significant different from Major.
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were numbness, stiffness, weakness, skin colour change
and pain and aching.
Those with an abnormal cold sensitivity had a worse

QuickDASH, ADL, grip strength and pinch strength. A
significant difference was also found for EQ-5DIndex
and EQ-5DVAS. They also had a lower SOC (Table 3).

Early retirement
Information regarding the patients work situation at
time of injury was available in 268 patients. Most of the
patients had a work at the time of injury (n = 206), 40
were school children or students, 6 were preschool chil-
dren and 16 were retired. Twenty-two per cent of the
patients who worked at time of injury had to change
work and 10% had to retire early due to the injury.
If the injury took place at work the DASH was worse

(p = 0.005) than if the injury were sustained at leisure.
Also the grip strength (p = 0.03) and SOC (p = 0.04) was
lower in the group injured at work.

Twenty-one patients were not able to return to work.
This group was significantly older and had a higher
HISS. They had a worse disability (DASH), worse daily
occupation (ADL), worse cold sensitivity (CISS) and also
a worse health outcome (EQ-5D VAS and EQ-5D Index.
They had a worse grip and pinch strength (Table 4).

Sense of coherence
Between the subgroups with high or low SOC, significant
differences in outcome were found. Patients with a low
SOC had on the whole a worse outcome compared to pa-
tients with a high SOC. A significant difference was found
in age between the groups, but no difference in the sever-
ity of hand injury (Table 5). EQ-5D VAS, EQ-5D Index,
Quick-DASH, CISS and ADL-questionnaire showed better
values in patients with high SOC (Table 5). No significant
difference was found in grip strength and pinch strength
(Table 5).

Discussion
Complete or subtotal amputation injuries requiring revas-
cularisation or replantation have a severe impact on the
individual patient and may profoundly influence his or her
life due to limitations of function. Despite this and inter-
estingly, most of the present patients were able to return
to some work activity. They also valued their symptoms
and ability to perform daily activities as manageable. Only
10% did not return to work, although 22% had to change
work. Interestingly, those with a low SOC had worse
health outcome, worse disability, more severe cold intoler-
ance and more problems with daily activities, which is in
accordance with a a study of major hand injuries [35].
This might indicate a group of patients that may need
more attention during rehabilitation.

General information
The most frequent causes of injury were by saw, woodcut-
ter or a machine, except if the injury was at the wrist level

Table 4 Differences between patients who went back to
work and those who had to retire early due to the injury

Back to work
(n = 185)

Early retirement
(n = 21)

P-values

Age 37 52 <0,0001

HISS 133 194 0,002

EQ-5D VAS 79 62 0,01

EQ-5D Index 0,821 0,629 0,008

Quick-DASH 13,9 45,2 <0,0001

CISS 35 57 <0,0001

ADL* 14 16 0,003

SOC 72 67 0,08

JAMAR%* 67 31 <0,0001

PINCH%* 69 46 0.01

*Back to work (n = 115) and Early retirement (n = 15).

Table 5 Differences between patients with high (≥75) or
low (<75) SOC

High SOC (n = 107) Low SOC (n = 104) P-values

Age 42 36 0.004

HISS 139 140 0.9

EQ-5D VAS 84 68 <0.0001

EQ-5D Index 0.865 0.712 <0.0001

Quick-DASH 12.7 24.1 <0.0001

CISS 31 43 <0.0001

ADL* 13.4 14.7 0.01

JAMAR%* 64 62 0.6

PINCH%* 68 66 0.5

*High SOC (n = 58) and Low SOC (n = 75).

Table 3 Differences between patients with an abnormal
cold intolerance (CISS > 50) and those with CISS ≤50

CISS ≤50 (n = 161) CISS > 50 (n = 51) P-values

Age 38 43 0.07

HISS 134 160 0.06

EQ-5D VAS 80 66 <0.0001

EQ-5D Index 0.831 0.690 <0.0001

Quick-DASH 13 33 <0.0001

ADL* 14 15 0.03

SOC 74 64 <0.0001

JAMAR%* 67 52 0.01

PINCH%* 74 47 <0.0001

*CISS ≤ 50 (n = 102) and CISS >50 (n = 34).
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or more proximal. In these cases, it was still from a wood-
cutter, but also from farmer, machine or crush (Table 1).
In this study, 50% of the injuries were work-related, which
is lower than have been reported earlier [36].
The overall success rate was 90%, which has been re-

ported by others [8,12,37], indicating that the present
material is valid. Survival rates for digital replantation
have been analyzed in a meta-analysis and a clear differ-
ence exists between a clean-cut injury (91%) and crush
(68%) or avulsion (66%) injuries [37]. Also, the level of am-
putation has been found to influence the survival rate
[12,14,38]. The high success rate might depend on our
preoperative selection of patients suitable for replantation.

Injury severity
Patients needing replantation is a very heterogeneous
group from an almost surgical clean cut amputation of a
thumb to a patient with multiple injured fingers, but
only the thumb needs revascularisation. To be able to
reflect this situation, the MHISS was used to score the
total severity of the injury. Not only the finger(s) needing
revascularization, but the complexity of the total injury
influence the outcome and how the patients deal with
daily living, work and leisure. MHISS correlated with
QuickDASH, which is in accordance with earlier studies
[39,40]. It may indicate that a more severe injury needs
more rehabilitation resources to gain a more useful hand
function. Tamai’s score system, which is often used in re-
plantation studies, has also been found to correlate with
HISS [40].

Cold intolerance
Cold intolerance is a common problem after replantation
and known to be a longstanding problem [28]. However,
different classification systems have been used and there-
fore different degrees of cold intolerance are reported
[2,9,14]. We used the Swedish CISS questionnaire, which
is reliable and validated [22].
All patients in the present study reported some type of

cold intolerance. Abnormal cold sensitivity influences
the patient’s daily life, work and leisure. When using the
cut of value by Carlson et al. [34] for defining an abnor-
mal cold sensitivity 24% had an abnormal cold sensitivity
which is in accordance with others [41]. A high correl-
ation between CISS and hand disability, quality of life and
functional outcome was also found. They also had a low
SOC. This is information is important to the rehabilitation
team in helping the patient with protection and rehabilita-
tion strategies for handling this difficult problem.

Disability
The DASH and also Quick-DASH was designed to as-
sess upper extremity disability and symptoms and could
be helpful in evaluating the effect of a treatment on the

upper limb and serves as a value with which other out-
comes can be composed. DASH or Quick-DASH have
been used in other replantation studies and reported
values are the same as in this study [2,13]. However, other
reported higher DASH scores, which might reflect differ-
ent follow up times and different patient selection [11,42].

Quality of life
Only in one previous study [15] quality of life has been
investigated in replanted patients. However, the EQ-5D
has not before been used in this patient group. Hand
function has been evaluated previously by different types
of scores [2,8,11,13,14,42]. Quality of life is more than
hand function. Both EQ-5DIndex and EQ-5D VAS cor-
related with QuickDASH, but not with the severity of
injury. The EQ-5D Index and EQ-5D VAS scales have
been shown to be age dependent [43,44], which was not
confirmed.

Return to work
One third of the injured patients, who had a work, had
to change work or retire early due to the injury. They
were older and had a more severe injury, indicated by a
higher HISS, and were more often injured at work. They
also had more problems with daily activities and a worse
quality of life. Also, functional variables, as grip- and pinch
strength, were worse. No difference was found between
men and women. Almost comparable figures for return to
work have been shown by others [11,13,14].
Return to work in a group of patients with a serious

hand injury was not related to the severity of the hand
injury (HISS) [45]. However, it seemed that factors more
dependent on the person’s own ability and motivation
was important. This may indicate that SOC could play
an important role for how a patient will be able to re-
habilitate after a hand injury.
In contradiction, other has reported that HISS could

adequately be used to predict return to work [40]. In this
study, also age and the place of injury might have influ-
enced return to work. An impaired hand function, such
as cold sensitivity [46], pain [47] and reduced grip strength
[48,49], can greatly hinder recovery and reduce successful
functional outcome and return to work, which was con-
firmed. The ability to return to work is probably not only
dependent on the above factors, but also on the socioeco-
nomic benefits of the given society.

Sense of coherence
Several differences in outcome between patients with a
high or low SOC were found. The relationship between
the SOC and outcomes after amputation injuries in the
upper extremity, needing replantation or revascularisa-
tion, has not been previously studied. In a recently pub-
lished study, patients with a severe or major hand injury
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and a low SOC showed significantly lower satisfaction in
daily occupation, higher DASH scores, lower mental
QoL, more sleep disturbances and bodily pain [35]. Also,
after moderate orthopaedic injuries, a low SOC were asso-
ciated with an increased risk of having a less good clinical
and functional outcome [18]. There are some problems
with SOC, such as the influence of age [17], different life
situations effect [33,50] and the interpretation of healthy/
unhealthy [35]. Another possible limitation with SOC
might be that no preinjury value is available. As a cut
point the median value of SOC could not be considered a
generalized recommended cut point for screening individ-
uals. The findings, like others [35], suggest that SOC need
to be considered further when planning rehabilitation of
patients with severe hand injuries.

Conclusions
On the whole, the majority of replanted patients did well.
Only 10% were not able to return to any work. Cold in-
tolerance is still a major problem, which may give long-
standing problems. The disability correlated with the in-
jury severity and a more severe injury had a worse quality
of life and functional outcome. Patients with low SOC had
a worse outcome compared with a high SOC, indicating
that this group of patients may benefit from more me-
ticulous and guided rehabilitation. In the future, we
need to have information regarding the patients coping
ability when designing rehabilitation programs for re-
plantation patients.

Abbreviation
CISS: Cold intolerance symptom severity; EuroQ-5D: EuroQol-5 Dimension;
MHISS: Modified hand injury severity score; QuickDASH: Quick disability of
the arm, shoulder and hand; SOC: Sence of coherence.

Competing interests
The author declares that he has no competing interests.

Authors’ contributions
The author has design the study, coordinated the study, performed the
statistical analyses and drafted the manuscript.

Acknowledgements
This study was supported by grants from the Swedish Research Council
(Medicine), Promobilia, Fanny Ekdahls stiftelse, Region Skåne and funds from
the Skåne University Hospital, Malmö, Swedem.
I thank Professor Lars B. Dahlin for scientific guidance and useful discussions.

Received: 17 September 2013 Accepted: 28 February 2014
Published: 10 March 2014

References
1. Sabapathy SR, Venkatramani H, Bharathi RR, Bhardwaj P: Replantation

surgery. J Hand Surg [Am] 2011, 36(6):1104–1110.
2. Dabernig J, Hart AM, Schwabegger AH, Dabernig W, Harpf C: Evaluation

outcome of replanted digits using the DASH score: review of 38
patients. Int J Surg 2006, 4(1):30–36.

3. Boeckx W, Jacobs W, Guelinckx P, Van de Kerckhove E: Late results in
replanted digits. Is replantation of a single digit worthwhile? Acta Chir
Belg 1992, 92(4):204–208.

4. Cheng GL, Pan DD, Zhang NP, Fang GR: Digital replantation in children: a
long-term follow-up study. J Hand Surg [Am] 1998, 23(4):635–646.

5. Janezic TF, Arnez ZM, Solinc M, Zaletel-Kragelj L: Functional results of 46 thumb
replantations and revascularisations. Microsurgery 1996, 17(5):264–267.

6. Lebedev LV, Bogomolov MS, Vavylov VN, Shlomin VV, Tokarevitch KK,
Yurtaev EA, Gorbunov GN, Dadalov MI: Long-term follow-up of hand
function after digit replantation. Ann Plast Surg 1993, 31(4):322–326.

7. Schwabegger AH, Hussl H, Ninkovic MM, Anderl H: Replantation in
childhood and adolescence. Long-term outcome. Unfallchirurg 1997,
100(8):652–657.

8. Waikakul S, Sakkarnkosol S, Vanadurongwan V, Un-nanuntana A: Results of
1018 digital replantations in 552 patients. Injury 2000, 31(1):33–40.

9. Walaszek I, Zyluk A: Long term follow-up after finger replantation. J Hand
Surg Eur Vol 2008, 33(1):59–64.

10. Davis Sears E, Chung KC: Replantation of finger avulsion injuries: a
systematic review of survival and functional outcomes. J Hand Surg [Am]
2011, 36(4):686–694.

11. Unglaub F, Demir E, Von Reim R, Van Schoonhoven J, Hahn P: Long-term
functional and subjective results of thumb replantation. Microsurgery
2006, 26(8):552–556.

12. Agarwal JP, Trovato MJ, Agarwal S, Hopkins PN, Brooks D, Buncke G:
Selected outcomes of thumb replantation after isolated thumb
amputation injury. J Hand Surg [Am] 2010, 35(9):1485–1490.

13. Haas F, Hubmer M, Rappl T, Koch H, Parvizi I, Parvizi D: Long-term subjective
and functional evaluation after thumb replantation with special attention
to the Quick DASH questionnaire and a specially designed trauma score
called modified Mayo score. J Trauma 2011, 71(2):460–466.

14. Paavilainen P, Nietosvaara Y, Tikkinen KA, Salmi T, Paakkala T, Vilkki S:
Long-term results of transmetacarpal replantation. J Plast Reconstr Aesthet
Surg 2007, 60(7):704–709.

15. Syrko M, Jablecki J: Quality of life-oriented evaluation of late functional
results of hand replantation. Ortop Traumatol Rehabil 2010, 12(1):19–27.

16. Antonovsky A: Health, Stress and Coping. San Francisco: Jossey-Bass; 1979.
17. Antonovsky A: Unraveling the Mystery of Health. How People Manage Stress

and Stay Well. San Francisco: Jossey-Bass; 1987.
18. Ristner G, Andersson R, Johansson LM, Johansson SE, Ponzer S: Sense of

coherence and lack of control in relation to outcome after orthopaedic
injuries. Injury 2000, 31(10):751–756.

19. Urso-Baiarda F, Lyons RA, Laing JH, Brophy S, Wareham K, Camp D: A
prospective evaluation of the modified hand injury severity score in
predicting return to work. Int J Surg 2008, 6(1):45–50.

20. Gummesson C, Ward MM, Atroshi I: The shortened disabilities of the arm,
shoulder and hand questionnaire (QuickDASH): validity and reliability
based on responses within the full-length DASH. BMC Musculoskelet
Disord 2006, 7:44.

21. Dolan P: Modeling valuations for EuroQol health states. Med Care 1997,
35(11):1095–1108.

22. Carlsson I, Cederlund R, Hoglund P, Lundborg G, Rosen B: Hand injuries
and cold sensitivity: reliability and validity of cold sensitivity
questionnaires. Disabil Rehabil 2008, 30(25):1920–1928.

23. Hudak PL, Amadio PC, Bombardier C: Development of an upper extremity
outcome measure: the DASH (disabilities of the arm, shoulder and hand)
[corrected]. The Upper Extremity Collaborative Group (UECG). Am J Ind
Med 1996, 29(6):602–608.

24. Atroshi I, Gummesson C, Andersson B, Dahlgren E, Johansson A: The
disabilities of the arm, shoulder and hand (DASH) outcome
questionnaire: reliability and validity of the Swedish version evaluated in
176 patients. Acta Orthop Scand 2000, 71(6):613–618.

25. Dolan P, Gudex C, Kind P, Williams A: The time trade-off method: results
from a general population study. Health Econ 1996, 5(2):141–154.

26. Szende A, Oppe M, Devlin N: EQ-5D value sets inventory, comparative review
and user guide. Dordrecht, The Netherlands: Springer; 2007.

27. Eriksson M, Karlsson J, Carlsson KS, Dahlin LB, Rosberg HE: Economic
consequences of accidents to hands and forearms by log splitters and
circular saws: cost of illness study. J Plast Surg Hand Surg 2011, 45(1):28–34.

28. Gustafsson M, Hagberg L, Holmefur M: Ten years follow-up of health and dis-
ability in people with acute traumatic hand injury: pain and cold sensitivity
are long-standing problems. J Hand Surg Eur Vol 2011, 36(7):590–598.

29. Sauni R, Virtema P, Paakkonen R, Toppila E, Pyykko I, Uitti J: Quality of life
(EQ-5D) and hand-arm vibration syndrome. Int Arch Occup Environ Health
2010, 83(2):209–216.

30. Brooks R: EuroQol: the current state of play. Health Policy 1996,
37(1):53–72.

Rosberg BMC Musculoskeletal Disorders 2014, 15:73 Page 7 of 8
http://www.biomedcentral.com/1471-2474/15/73



31. Eriksson M, Lindstrom B: Antonovsky’s sense of coherence scale and the
relation with health: a systematic review. J Epidemiol Community Health
2006, 60(5):376–381.

32. Eriksson M, Lindstrom B: Antonovsky’s sense of coherence scale and its
relation with quality of life: a systematic review. J Epidemiol Community
Health 2007, 61(11):938–944.

33. Langeland E, Wahl AK, Kristoffersen K, Nortvedt MW, Hanestad BR: Sense of
coherence predicts change in life satisfaction among home-living
residents in the community with mental health problems: a 1-year
follow-up study. Qual Life Res 2007, 16(6):939–946.

34. Carlsson IK, Nilsson JA, Dahlin LB: Cut-off value for self-reported abnormal
cold sensitivity and predictors for abnormality and severity in hand
injuries. J Hand Surg Eur Vol 2010, 35(5):409–416.

35. Cederlund RI, Ramel E, Rosberg HE, Dahlin LB: Outcome and clinical
changes in patients 3, 6, 12 months after a severe or major hand
injury–can sense of coherence be an indicator for rehabilitation focus?
BMC Musculoskelet Disord 2010, 11:286.

36. Vilkki SK, Goransson H: Traumatic amputations and the need for a
replantation service in Finland. Ann Chir Gynaecol 1982, 71(1):2–7.

37. Dec W: A meta-analysis of success rates for digit replantation. Tech Hand
Up Extrem Surg 2006, 10(3):124–129.

38. Lindfors N, Raatikainen T: Incidence, epidemiology, and operative
outcome of replantation or revascularisation of injury to the upper
extremity. Scand J Plast Reconstr Surg Hand Surg 2010, 44(1):44–49.

39. Saxena P, Cutler L, Feldberg L: Assessment of the severity of hand injuries
using “hand injury severity score”, and its correlation with the functional
outcome. Injury 2004, 35(5):511–516.

40. Matsuzaki H, Narisawa H, Miwa H, Toishi S: Predicting functional recovery and
return to work after mutilating hand injuries: usefulness of Campbell’s
hand injury severity score. J Hand Surg [Am] 2009, 34(5):880–885.

41. Vaksvik T, Hetland K, Rokkum M, Holm I: Cold hypersensitivity 6 to
10 years after replantation or revascularisation of fingers: consequences
for work and leisure activities. J Hand Surg Eur Vol 2009, 34(1):12–17.

42. Kamburoglu HO, Aksu AE, Sonmez E, Isci ET, Safak T, Kecik A: Which
instrument should we use to assess hand function after digital
replantation? J Hand Surg Eur Vol 2011, 36(5):392–395.

43. Slobogean GP, Noonan VK, O’Brien PJ: The reliability and validity of the
Disabilities of Arm, Shoulder, and Hand, EuroQol-5D, Health Utilities
Index, and Short Form-6D outcome instruments in patients with
proximal humeral fractures. J Shoulder Elbow Surg 2010, 19(3):342–348.

44. Nordlund A, Ekberg K, Kristenson M: EQ-5D in a general population
survey–a description of the most commonly reported EQ-5D health
states using the SF-36. Qual Life Res 2005, 14(4):1099–1109.

45. Ramel E, Rosberg HE, Dahlin LB, Cederlund RI: Return to work after a
serious hand injury. Work 2012, 44(4):459–469.

46. Carlsson IK, Rosen B, Dahlin LB: Self-reported cold sensitivity in normal
subjects and in patients with traumatic hand injuries or hand-arm
vibration syndrome. BMC Musculoskelet Disord 2013, 11:89.

47. Opsteegh L, Reinders-Messelink HA, Schollier D, Groothoff JW, Postema K,
Dijkstra PU, van der Sluis CK: Determinants of return to work in patients with
hand disorders and hand injuries. J Occup Rehabil 2009, 19(3):245–255.

48. Bruyns CN, Jaquet JB, Schreuders TA, Kalmijn S, Kuypers PD, Hovius SE:
Predictors for return to work in patients with median and ulnar nerve
injuries. J Hand Surg [Am] 2003, 28(1):28–34.

49. Cabral LH, Sampaio RF, Figueiredo IM, Mancini MC: Factors associated with
return to work following a hand injury: a qualitative/quantitative
approach. Rev Bras Fisioter 2010, 14(2):149–157.

50. Eriksson M, Lindstrom B: Validity of Antonovsky’s sense of coherence scale: a
systematic review. J Epidemiol Community Health 2005, 59(6):460–466.

doi:10.1186/1471-2474-15-73
Cite this article as: Rosberg: Disability and health after replantation or
revascularisation in the upper extremity in a population in southern
Sweden – a retrospective long time follow up. BMC Musculoskeletal
Disorders 2014 15:73.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rosberg BMC Musculoskeletal Disorders 2014, 15:73 Page 8 of 8
http://www.biomedcentral.com/1471-2474/15/73


