
 

 

 University of Groningen

Pain, impaired functioning, poor satisfaction and diminished health status eight years
following perilunate (fracture) dislocations
Lameijer, Charlotte M.; Niezen, Caren K.; El Moumni, Mostafa; van der Sluis, Corry K.

Published in:
Disability and Rehabilitation

DOI:
10.1080/09638288.2018.1512165

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Lameijer, C. M., Niezen, C. K., El Moumni, M., & van der Sluis, C. K. (2020). Pain, impaired functioning,
poor satisfaction and diminished health status eight years following perilunate (fracture) dislocations.
Disability and Rehabilitation, 42(6), 849-856. https://doi.org/10.1080/09638288.2018.1512165

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

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1080/09638288.2018.1512165
https://research.rug.nl/en/publications/fe1524e9-6441-4b1a-998b-12cc62221e3d
https://doi.org/10.1080/09638288.2018.1512165


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=idre20

Disability and Rehabilitation

ISSN: 0963-8288 (Print) 1464-5165 (Online) Journal homepage: https://www.tandfonline.com/loi/idre20

Pain, impaired functioning, poor satisfaction and
diminished health status eight years following
perilunate (fracture) dislocations

Charlotte M. Lameijer, Caren K. Niezen, Mostafa El Moumni & Corry K. van
der Sluis

To cite this article: Charlotte M. Lameijer, Caren K. Niezen, Mostafa El Moumni & Corry K. van
der Sluis (2020) Pain, impaired functioning, poor satisfaction and diminished health status eight
years following perilunate (fracture) dislocations, Disability and Rehabilitation, 42:6, 849-856, DOI:
10.1080/09638288.2018.1512165

To link to this article:  https://doi.org/10.1080/09638288.2018.1512165

© 2018 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 19 Nov 2018.

Submit your article to this journal 

Article views: 595

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=idre20
https://www.tandfonline.com/loi/idre20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09638288.2018.1512165
https://doi.org/10.1080/09638288.2018.1512165
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2018.1512165
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2018.1512165
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2018.1512165&domain=pdf&date_stamp=2018-11-19
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2018.1512165&domain=pdf&date_stamp=2018-11-19


RESEARCH PAPER

Pain, impaired functioning, poor satisfaction and diminished health status eight
years following perilunate (fracture) dislocations

Charlotte M. Lameijera, Caren K. Niezenb, Mostafa El Moumnia and Corry K. van der Sluisb

aDepartment of Trauma Surgery, University of Groningen, University Medical Center Groningen, Groningen, the Netherlands; bDepartment of
Rehabilitation Medicine, University of Groningen, University Medical Center Groningen, Groningen, the Netherlands

ABSTRACT
Purpose: Perilunate (fracture) dislocations are rare injuries and diminished functional outcomes are
reported. However, Patient Reported Outcomes (PROs) following these injuries are rarely described. The
aim of this study was to investigate the long-term impact of perilunate (fracture) dislocations using a
range of measures, including pain, function, and quality of life.
Materials and Methods: This cross-sectional study was conducted from January 2016 until March 2016.
Eleven patients who had suffered from perilunate (fracture) dislocations between August 1996 and
January 2014 were matched on age and gender with 22 healthy controls. Functional outcome included
range of motion and grip strength measurements. The Patient Reported Outcomes included: Patient
Reported Wrist Evaluation, Disability of Arm, Shoulder and Hand questionnaire, Michigan Hand
Questionnaire and the Short Form-36.
Results: The 11 patients that were included (9 males) had a median age at injury of 38 years (IQR 33; 54)
and median follow up of 97months (IQR 84-193). Flexion/extension (mean difference �60�, 95% CI �76,
�43, p< 0.001) and ulnar/radial deviation (mean difference �28�, 95% CI �38, �18, p< 0.001) were sig-
nificantly diminished in patients following perilunate (fracture) dislocations. Grip strength was not
affected. The patients experienced significantly more pain as assessed on all pain subscales. Physical
functioning was significantly worse in the group with perilunate (fracture) dislocations as assessed on all
function subscales, except the PRWE function score and the subscale physical functioning of the Short
Form-36. Satisfaction as measured with the Michigan Hand Questionnaire satisfaction subscale (mean dif-
ference �36, 95% CI �57, �16, p¼ 0.002) was also reported poorer. No difference was found regarding
work participation.
Conclusions: A perilunate (fracture) dislocation has a significant impact on everyday life, as patients
experience diminished range of motion, pain, diminished physical functioning, diminished satisfaction
and report lower general health status than healthy controls. However, no consequences for work partici-
pation were found in this study. Level of evidence 3.

� IMPLICATIONS FOR REHABILITATION

� Flexion/extension and ulnar/radial deviation remains limited following perilunate (fracture)
dislocations.

� Grip strength is not diminished in patients with perilunate (fracture) dislocations.
� Pain, restrictions in physical functioning, diminished satisfaction and lower general health status are

likely to be present following perilunate (fracture) dislocations.
� If conservative treatment including pain medication and rehabilitation strategies do not relief pain

following perilunate (fracture) dislocations, surgical treatment options such as wrist denervation or
arthrodesis should be considered.
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Introduction

Perilunate dislocations and perilunate fracture dislocations (PLD/
PLFDs) are rare injuries of the wrist and comprise only 7% of all
carpal injuries [1–5]. PLFDs occur more frequently than PLDs (ratio
2:1), in which the scaphoid bone is most often fractured [6]. Most
PLD/PLFDs are seen following injury with high energy transmis-
sion. Twenty percent of all PLD/PLFDs are associated with poly-
trauma [7]. Diminished range of motion of 59–82% and grip

strength measurements ranging from 59–87% in comparison to
the uninjured wrist were reported 6-months to 5 years following
PLD/PLFDs [3,8–11]. In addition, poor outcomes regarding PROs
have been reported with Disability of Arm Shoulder Hand (DASH)
scores ranging from 14–40 and Patient Rated Wrist Evaluation
(PRWE) scores ranging from 13–41 [3,8–13]. Complicated PLD/
PLFD is thought to result in poorer outcomes due to extensive
soft tissue damage [7]. Late identification of PLD/PLFDs ligament
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ruptures or accompanying fractures also lead to worse outcomes
[2,7,14–16]. Bone necrosis and posttraumatic arthritis is known to
develop following this injury [17]. Prevalence of posttraumatic
arthritis following PLD/PLFDs of up to 56% has been reported
6 years post-injury [7]. The development of posttraumatic arthritis
of the wrist increases with direct or indirect impact load on the
joint, soft tissue contusion, joint dislocation, and intra-articular
fractures (most often scaphoid bone fractures) [18–20].
Posttraumatic arthritis can result in severe functional impairment
with regard to range of motion and grip strength [18].

In order to treat and guide patients with PLD/PLFDs optimally,
it is important to have knowledge on specific outcome measure-
ments, such as grip strength and active range of motion, as well
as Patient Reported Outcomes (PROs). Loss of grip strength, lim-
ited range of motion of the wrist and pain are common findings
after PLD/PLFDs and lead to impaired functioning in daily life
[13,15,16]. Impairment has been described to such extent that
patients did not return to work or had to change to a less strenu-
ous occupation [10]. In case of PLD/PLFDs, some studies reported
on PROs [3,8–13]. The Cooney rating system or Mayo Wrist Score
are often reported, which are aggregated scores of pain, func-
tional status, range of motion and grip strength [4,13,21].
Although both systems are easy to use, they are not validated
and the rating does not differentiate between functional outcome
and PROs. There is a need for more insight in long term outcomes
captured in functional outcomes and PROs in this working and
mostly active population. We believe this may help to develop
more targeted surgical and rehabilitation treatment strategies
minimizing long-term consequences of this injury. Furthermore,
information regarding pain, satisfaction, daily and general func-
tioning is needed to inform patients on their long-term outcomes.
However, these measures are scarcely reported in literature.
Furthermore, results are mostly not compared with matched con-
trols, which could hamper the interpretation of the outcomes.

The purpose of this study was to gain better insight in the
specific limitations in functioning on the long-term following PLD/
PLFDs. The aims of this study were to assess functional outcomes
and PROs of patients following PLD/PLFDs and compare the out-
comes with results of matched control patients.

Materials and methods

Study population

This cross-sectional study was performed at a level 1 traumacenter
and was approved by the local medical ethics committee (METC
NL52111.042.15). Patients and controls provided written informed
consent before entering the study. All patients received an invitation
for a single visit to the hospital and received a gift voucher and com-
pensation for travel expenses after having participated in the study.

Hospital records of patients treated for a PLD/PLFD between
August 1996 and January 2014 were retrieved. Patients who con-
sented for participation were measured between January 2016
and March 2016. Inclusion criteria were: minimal follow up dur-
ation of 2 years, mental competence, living in the Netherlands
and having sufficient control of the native language in order to
answer the questionnaires. Exclusion criteria were: co-morbidity
that might influence the outcomes, such as neurological or
rheumatic disorders influencing arm function. Since surgery is the
advised treatment option for PLD/PLFD patients, those with con-
tra-indications for surgical treatment at the time of injury were
excluded, because worse outcomes can be expected without sur-
gical treatment [22]. The controls were individually matched on

age (± approximately 2 years) and gender. Every PLD/PLFD patient
was matched with two controls. Controls with different occupa-
tions and various educational levels were recruited among the
hospital personnel and acquaintances of the researchers.

Functional outcomes

The functional outcomes of the PLD/PLFD group were obtained
by a certified hand therapist and the functional outcomes of the
matched controls were obtained by one of the authors. For meas-
urements of all functional outcomes (range of motion and grip
strength measurements) patients were positioned sitting posi-
tioned sitting at a table, with hips and knees flexed 90˚. In add-
ition, elbows were positioned on the table and flexed in 90˚ with
wrists in neutral position.

The flexion/extension, ulnar/radial deviation and supination/
pronation range of motion were measured using a digital pro-
tractor of Biometrics LTD and E-LinkVR software and expressed in
degrees and in percentage of the uninjured side.

Grip strength, sustained grip strength and key pinch strength
were measured using a digital Jamar dynamometer and a pinch
meter using Biometrics LTD and E-LinkVR software. Grip strength
and key pinch strength were presented in kilograms and percent-
age of the uninjured side, and were derived from the maximum
peak strength sustained during at least 2 s. The mean of three per-
formances was presented. Grip strength of less than 75% com-
pared to the uninjured side was considered as an adverse
outcome [23]. For assessing sustained grip strength, patients were
asked to grip as hard as they could using the dynamometer during
a 30 s period. Sustained grip strength is the average grip strength
in kilograms, computed over the last 18 s of this 30-s period. In all
patients first the arcs of motion measurements, then grip strength
measurements were performed, alternating between both hands.

Patient reported outcomes

PROs were measured using four questionnaires involving pain
scores, health related quality of life, satisfaction and specific hand
and wrist functioning.

DASH
The Disability of Arm, Shoulder and Hand questionnaire (DASH)
measures upper extremity performance in 30 activities of daily liv-
ing and two optional scales of four questions each measuring
work and leisure time participation. Scores range from 0 to 100. A
higher score indicates more disability or severity of complaints.
DASH has a good validity for symptoms and function of the
upper limb [14]. The Dutch version (DASH-DLV) has recently been
validated and combines outcome measures such as pain, function
or patient satisfaction in a unidimensional trait [24,25].

PRWE
The Patient Rated Wrist Evaluation questionnaire (PRWE) rates a
patients’ level of both wrist pain and disability. The pain subscale
contains five questions, which are rated from 0 (no pain) to 10
(unbearable pain). The function subscale contains ten questions,
which are divided into two sections concerning specific activities
and usual activities. For each section the minimum score is 0 (no
disability) and the maximum score is 50 (worst possible disability)
[14]. The questionnaire has a good validity for symptoms and
function of the wrist [26]. The translated version of the PRWE
(PRWE-NL) has been validated and confirmatory factor analysis
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revealed that this translated PRO should be considered measuring
a unidimensional trait, without using subscale scores [27,28].

MHQ
The Michigan Hand Outcome Questionnaire (MHQ) rates hand-
specific outcomes and contains six subscales: general hand func-
tion, daily functioning, work, pain, esthetics and patient satisfac-
tion with hand function. The scale score is the sum of the answer
to each question and ranges from 0 to 100. A higher score in the
pain scale indicates more pain. For the other five scales, higher
scores imply a better hand performance [29]. The MHQ is a reli-
able and valid questionnaire for measuring hand outcome in
patients with varying hand problems [29,30]. The MHQ has not
yet been validated in the Dutch translated version.

SF-36
The Short Form Health Survey (SF-36) contains 36 questions about
a patients’ health status. Nine subscales are distinguished: physical
functioning, social functioning, role limitation physical, role limita-
tion social, mental health, vitality, pain, general health and health
change. Each subscale ranges from 0 (maximum disability/pain) to
100 (no disability/pain) [31]. Jenkinson et al. have shown that the
validity of this questionnaire is sufficient for groups reporting
varying extents of illness-health [31]. In addition, it has been vali-
dated in the Dutch language [32].

Statistical analysis

Paired samples T tests were used to determine statistical differen-
ces between functional outcome of injured and uninjured wrist.
Welch tests were used to determine statistical differences
between functional outcome or PROs between the PLD/PLFDs
group and the matched control group. Because of multitesting, a
p values <0.01 was considered statistically significant.

Results

Study population

PLD/PLFD group
A total of 24 patients with PLD/PLFDs were retrieved from the
hospital records. Three patients were excluded based on insuffi-
cient control of the Dutch language or dementia. Two patients
could not be reached due to outdated contact information.
Eight patients refused to participate. Finally, a total of 11
patients were included (9 males) with median age at injury of
38 years (IQR 33; 54). Median follow up time was 97months (IQR
84–193) (Table 1). Five patients had sustained a fracture of the
scaphoid. The capitate was fractured in one patient and the
ulnar styloid was fractured in two patients. Six patients had
transient median nerve neuropraxia. All PLD/PLFDs were surgi-
cally treated within five days following the injury. Four patients
underwent secondary surgery because of re-dislocation, three
within nine days after initial surgery, one at two years after ini-
tial surgery. Approximately two years after the injury, one
patient underwent a four-corner arthrodesis and another patient
underwent a complete wrist arthrodesis. Seven patients
received specific rehabilitation programs for the PLD/PLFD,
while four did not (Table 1).

Matched control group
Twenty-two control patients were matched with the eleven
included PLD/PLFD patients: no significant differences were found
in age or gender between the groups (Table 1).

Functional outcomes
Within patients with PLD/PLFD flexion/extension and ulnar/radial
deviation were significantly worse in the injured compared to the
uninjured wrist (mean difference �54�, 95% CI �77, �31,
p< 0.001 and mean difference �29�, 95% CI �37, �20, p< 0.001),
even when excluding patients with an arthrodesis (Table 2). For

Table 1. Patient characteristics of the PLD/PLFD group (n¼ 11) and the matched control
group (n¼ 22).

PLD/PLFD group Control group

Male : Female 9 : 2 9 : 2
PLD : PLFD 4 : 7 –
Dominant side Left : Right 1 : 10 0 : 22

Median (IQR) Median (IQR)
Age at time of injury (years) 38.0 (33.0;54.0) –
Age at follow-up (years) 48.0 (40.0;63.0) 48.5 (39.5;64.3)
Delay surgery (days) 0 (0;1) –
Follow-up (months) 97 (84;193) –

n n
Dominant side injured 4 –
Surgical approach –
dorsal 2
volar 5
combined approach 1
percutaneous 3

Surgical procedure –
K-wire 3
Screw 1
K-wire and screw 3
K-wire and fragment fixation system 1
Screw and external fixation 1
K-wire, screw and external fixation 2

Secondary surgery 4 –
arthrodesis 2

Rehabilitation program 7 –

n: number of participants; IQR: interquartile range 25th - 75th quartile; PLD: perilunate dislocation;
PLFD: perilunate fracture dislocation; K-wire: kirschner wire.
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grip strength measurements in comparison to the uninjured wrist,
only grip strength (mean difference �12.7 kg, 95% CI �19.7, �6,
p¼ 0.002) was significantly worse in the injured wrist (Table 2).
Patients without arthrodesis did not have a significant difference
in grip strength between the injured and uninjured wrist. Grip
strength of the patients’ injured side was median 80% of the
uninjured side. Four patients had grip strength <75% of the unin-
jured side.

Flexion/extension (mean difference �60�, 95% CI �76, �43,
p< 0.001) and ulnar/radial deviation (mean difference �28�,
95% CI �38, �18, p< 0.001) were significantly diminished in
patients with PLD/PLFD in comparison to matched controls.
When excluding patients with arthrodesis, flexion/extension and
ulnar/radial deviation remained significantly diminished in
patients with PLD/PLFDs (Table 3). With regard to all grip
strength measurements, no significant differences were present
between patients with PLD/PLFDs and matched controls
(Table 3).

Patient reported outcomes
Pain. Pain was significantly higher in the PLD/PLFD group com-
pared to the control group as measured on all pain subscales
(Table 4).

Physical functioning. Hand function, daily functioning and gen-
eral physical functioning were significantly worse in the PLD/
PLFD group compared to the control group as measured
with the total DASH score (mean difference 19, 95% CI 10,
28, p¼ 0.010), total PRWE score (mean difference 30, 95% CI
0, 38, p¼ 0.001, MHQ subscale general functioning scale
(mean difference �35, 95% CI �46, �24, p=<0.001), MHQ
subscale activities general life (mean difference �16, 95% CI
�25, �7, p¼ 0.003). The PRWE function score and the SF36
physical functioning subscale was not significantly different
between patients with PLD/PLFDs and matched controls
(Table 4).

Table 2. Functional outcome between injured and uninjured wrist for PLD/PLFD patients.

Injured wrist Mean (SD) Uninjured wrist Mean (SD) Mean difference (SD) 95% CI p-value

All patients
Range of motion (�)
Flexion/extension 90 (27) 144 (16) � 54 (34) �77; �31 <0.001
Ulnar/radial deviation 33 (14) 61 (10) �29 (13) �37; �20 <0.001
Supination/pronation 155 (12) 162 (9) �8 (9) �14; �2 0.016

Grip strength measurements (kg)
Grip strength 35.3 (16.0) 48.0 (13.0) �12.7 (10.4) �19.7; �6.0 0.002
Sustained grip strength 22.3 (11.9) 30.0 (10.2) �7.6 (9.8) �14.2; �1.0 0.027
Key pinch strength 8.5 (1.7) 9.2 (2.4) �.7 (1.6) �1.8; .3 0.157

Patients without arthrodesis (n5 9) (n5 9)
Range of motion (�)
Flexion/extension 97 (23) 142 (16) �45 (29) �67; �22 0.002
Ulnar/radial deviation 35 (10) 62 (10) �27 (12) �36; �18 <0.001
Supination/pronation 157 (10) 163 (10) �6 (7) �11; �1 0.035

Grip strength measurements (kg)
33.9 (17.5) 45.6 (12.8) �11.7 (10.9) �20.1; �3.3 0.012Grip strength
22.1 (13.3) 28.9 (9.7) �6.7 (9.3) �14.0; .4 0.060Sustained grip strength

�.5 (1.5) �1.6; .7 0.3659.1 (2.4)8.7 (1.8)Key pinch strength

Results of Paired samples T test.
n: number of participants; SD: standard deviation; 95% CI: 95% confidence interval of the difference; kg: kilogram.

Table 3. Functional outcome for PLD/PLFD patients and matched controls.

PLD/PLFD group (n¼ 11) Mean (SD) Control group (n¼ 22) Mean (SD) Mean difference (SE) 95% CI p-value

All patients
Range of motion (�)
Flexion/extension 90 (27) 150 (20) �60 (9) �76; �43 <0.001
Ulnar/radial deviation 33 (14) 61 (12) �28 (5) �38; �18 <0.001
Supination/pronation 154 (12) 164 (14) �10 (5) �19; 0 0.055

Grip strength measurements (kg)
35.3 (16.0) 45.1 (14.3) �9.8 (5.7) �22; 1 0.103Grip strength
22.3 (11.9) 29.6 (10.6) �7.3 (4.2) �16.2; 1.6 0.102Sustained grip strength

Key pinch strength 8.5 (1.7) 9.0 (2.4) �.6 (.7) �2.1; 1.0 0.455

Patients without arthrodesis (n5 9) (n5 18)
Range of motion (�)
Flexion/extension 97 (23) 149 (18) �52 (8) �70; �33 <0.001
Ulnar/radial deviation 35 (10) 60 (12) �25 (4) �34; �16 <0.001

157 (12) 163 (12) �7 (4) �16; 1.9 0.118Supination/pronatio

Grip strength measurements (kg)
Grip strength 33.9 (17.5) 44.3 (15.3) �10.4 (6.9) �25.1; 4.3 0.151
Sustained grip strength 22.1 (13.3) 28.7 (11.3) �6.6 (5.2) �17.7; 4.5 0.223

8.7 (1.8) 8.8 (2.5) �.1 (.8) �1.9; 1.6 0.881Key pinch strength

Results of Welch test.
n: number of participants; SD: standard deviation; SE: standard error; 95% CI: 95% confidence interval of the difference; kg: kilogram.
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Satisfaction. Patients were less satisfied with their wrist compared
to the controls (mean difference MHQ subscale satisfaction �36,
95% CI �57, �16, p¼ 0.002).

General health status. Although not significant, patients did seem
to experience an impact on overall health status, as can be
retrieved from the SF36 subscale general health experience (mean
difference �11, 95% CI �20, �1, p¼ 0.019) (Table 4).

Work. Two of the nine working PLD/PLFD patients had to alter
their occupation following injury because physical demands for
the injured side were too high in the original occupation.

Discussion

On average 8 years after they sustained the injury, PLD/PLFD
patients experienced a decreased range of motion of the affected
wrist and a substantial amount of pain. They were less satisfied
and reported diminished daily and general physical functioning.
The significant disability of the PLD/PLFD patients, which has pre-
viously been described using mainly functional outcomes, was
confirmed in the current research. Especially the application of a
wide variety of PROs provided new insight in the impact of PLD/
PLFDs on everyday life regarding pain, physical functioning, satis-
faction and health status patients experience following
PLD/PLFDs.

Functional outcomes

Range of motion
Diminished flexion, extension, ulnar and radial deviation of the
wrist after PLD/PLFD were previously described [3,8,11,13,33]. We
hypothesize that the decrease in the range of motion may be
caused by posttraumatic arthritis or ligamentous injury, even
when adequate surgical treatment has been provided. However,
our study cannot confirm this, because no radiographs were taken
at follow-up. Pro- and supination of the wrist were not affected,

probably because these movements are regulated mostly in the
elbow and the distal radio-ulnar joint [34].

Grip strength
Grip strength measurements were comparable in patients and
controls, although a significant difference was found within the
PLD/PLFD patients between the injured and uninjured side of
which four patients had grip strength measurements of <75% of
the uninjured wrist. An explanation could be overcompensation
of the uninjured hand resulting in relatively high grip strength
and sustained grip strength in that hand. These findings imply
that the injured side needs extra attention to increase strength,
for example by applying specific training programs. Compared to
literature our results reflect a reasonably good outcome [9,23].
Capo et al. reported grip strength following PLD/PLFDs of only
59% in comparison to the unaffected side [8]. The substantial
decrease in grip strength was probably caused by additional
upper limb fractures in some of the PLD/PLFD patients in that
study. Grip strength is regulated mainly by the strength of a chain
of muscles like forearm muscles, biceps and triceps muscles,
which are not affected in PLD/PLFD patients [35].

Patient reported outcomes
Pain. All pain scales showed that patients experienced more pain
than the matched controls. Clinicians treating these patients
should therefore realize that pain is a considerable problem in
PLD/PLFD patients and should treat these patients accordingly,
e.g., by prescribing pain medication and proposing rehabilitation
strategies. If all non-operative treatments fail, partial or complete
wrist denervation might be a successful, although mostly tempor-
ary, solution [36–38]. Wrist denervation is a symptomatic treat-
ment and selectively eliminates the anterior and posterior
interosseous nerves, which innervate the central two-thirds of the
anterior and posterior carpal joint capsule, respectively [39].
Removal of these sensory innervations of the wrist joint provides
relief of pain, while maintaining function and mobility of the
hand and wrist [39]. Studies report satisfactory results with short

Table 4. Patient reported outcomes (PROs) for PLD/PLFD patients and matched controls.

PROs
PLD/PLFD group (n¼ 11)

Mean (SD)
Control group (n¼ 22)

Mean (SD) Mean difference (SE) 95% CI p-value

DASH 22 (20) 3 (6) 19 (6) 6; 33 0.010
PRWE
Pain 19 (14) 1 (2) 19 (4) 9; 28 0.001
Function 19 (28) 0 (1) 19 (8) 0; 38 0.047
Total 31 (22) 1 (3) 30 (7) 15; 45 0.001

MHQ
General function 59 (16) 94 (9) �35 (5) �46; �24 <0.001
Activities general life 84 (13) 99 (2) �16 (4) �25; �7 0.003
Work 89 (20) 100 (0) �11 (6) �24; 2 0.095
Pain 71 (26) 98 (4) �28 (8) �45; �10 0.006
Esthetics 91 (11) 97 (11) �6 (4) �14; 3 0.170
Satisfaction 63 (30) 99 (2) �36 (9) �57; �16 0.002
Total 76 (15) 98 (3) �22 (5) �32; �12 0.001

SF-36
Physical functioning 86 (9) 93 (15) �6 (4) �16; 4 0.209
Social functioning 80 (31) 95 (12) �15 (10) �36; 6 0.138
Role model physical problem 61 (41) 88 (30) �26 (14) �56; 3 0.078
Role model emotional problem 85 (35) 95 (21) �11 (11) �35; 14 0.366
Mental health 75 (19) 89 (11) �14 (6) �27; 0 0.046
Vitality 67 (21) 82 (15) �15 (7) �30; 0 0.051
Pain 68 (22) 90 (14) �22 (7) �38; �7 0.008
General health experience 67 (11) 78 (14) �11 (4) �20; �1 0.019
Health change 45 (10) 51 (14) �7 (4) �16; 3 0.139

Results of Welch test.
n: number of participants; SD: standard deviation; SE: standard error; 95% CI: 95% confidence interval of the difference.
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term follow up. One third of the patients need revision surgery at
longer follow up duration [36–38]. In addition, several authors
state that the degree of pain relief following wrist denervation is
inadequate for the patients who perform heavy manual labor
[19,38]. Another surgical treatment option for patients following
PLD/PLFDs with pain is (partial) arthrodesis [12,19]. Many techni-
ques have been described, including arthroplasty, limited or total
fusion, partial or total joint replacement, interpositional arthro-
plasty and ribcartilage graft implantation [19]. It is important to
indicate with physical examination, radiographs and computed
tomography, what joints are causing the painful wrist before
choosing a technique [19]. Laulan et al. suggest an algorithm for
choosing the right treatment on basis of the severity of the sca-
pholunate advanced collapse (SLAC), volar/dorsal intercalated seg-
ment instability (VISI/DISI) of the proximal carpal row and patient
characteristics [18]. However an arthrodesis may not help all: the
patient in our study who received the four-corner arthrodesis
remained to have moderate pain [40,41]. Martini et al. stated that
the use of a partial arthrodesis is only a temporary solution for
treating pain [42]. Following a total wrist arthrodesis a mean VAS
of 2/10 combined with 80–90% of normal strength can be
expected and most patients are able to return to their previous
occupation [18]. In addition, patients rarely perceive the loss of
mobility as problematic and patient satisfaction rates range from
80–100% [43].

While local surgical procedures might diminish pain sensation,
there is growing evidence that chronic pain is also a determinant
of changes in the central nervous system following surgical
trauma or nerve injury [44]. The pathophysiological pathway is
caused by nociceptive transmission and inflammatory mediators
released during surgical procedures [44,45]. In addition, several
risk factors for the development of postoperative chronic pain are
determined, such as preoperative pain lasting longer than
1month, psychological vulnerability, worker’s compensation and
younger age [45]. These risk factors might be applicable to the
patients with PLD/PLFDs. Reducing the risk of development of
chronic pain can be achieved with good perioperative and post-
operative pain management. This results in reduced central sensi-
tization [44]. In addition, managing expectations of patients and
careful explanation of surgical procedures and postoperative
rehabilitation is known to reduce anxiety and promote recovery
[46,47]. It is important, while treating these patients, to be aware
of the risk factors for the development of chronic pain and to
implement shared-decision making.

Physical functioning. The PLD/PLFD group experienced more
problems in daily activities than the control group. The DASH out-
comes reported in this study were similar to those described in
previous studies in PLD/PLFD patients [9,11]. Capo et al. described
worse DASH score, this could be explained by additional upper
limb fractures the patients in their study had and the fact that
they did not obtain a DASH score for all of their patients [8]. In
our study the mean total PRWE score was 31, which was worse
than reported in the studies of Forli et al. and Strobel et al.
[12,13] The time to surgical treatment was comparable in our
study, but the dominant hand was more frequently affected in
those studies (44% and 90%) compared to our study (33%)
[12,13]. It might be that recovery of an injured dominant hand
has a better prognosis, because of its preferred and more intuitive
use in daily practice.

Satisfaction. An interesting finding of our study was the poor sat-
isfaction in the PLD/PLFD group. In a post hoc exploration of

outcomes of the items of the MHQ satisfaction subscale showed
that patients were particularly dissatisfied about the range of
motion, grip strength, and pain. However, none of these patients
sought help for these symptoms. Especially the dissatisfaction
about grip strength needs attention in further research, since grip
strength measurements did not reveal any differences with con-
trol persons. However, comparison of the patients’ injured and
uninjured side revealed significant lower grip strength in the
affected limb, which apparently bothered the participants in their
daily life. Until now, satisfaction has not gained attention in litera-
ture on PLD/PLFD. As patients nowadays are stimulated to man-
age their own treatment and be responsible for their recovery as
much as possible, patient satisfaction seems to be a relevant topic
for future research. Correct briefing of the patients about the
eventual outcomes after rehabilitation, including satisfaction
issues, may be relevant to improve outcomes in this population.
Although the MHQ is mainly developed for patients with rheuma-
toid arthritis and has not been used in PLD/PLFD patients before,
we have shown with the current study that this questionnaire
includes relevant topics for these patients [29,30]. The reason for
the good applicability of the MHQ is the multidimensionality of
the questionnaire, measuring more than just the standard sub-
scales of pain and function.

Overall health status. In addition to diminished injury-specific
PROs (pain, physical functioning), patients also experienced dimin-
ished general health status in comparison to healthy controls. In
literature, only Strobel et al. describe general health outcome
measures following PLD/PLFDs using the total SF-36 score (mean
78, SD 23) in patients with mean age of 30 years and after a fol-
low up duration of 67months [12]. Unfortunately, the subscales of
the SF36 are not presented in this study, so no reliable compari-
son with the results in our study can be made. However, the
diminished outcomes in both studies do present an impact of
PLD/PLFDs on general health experience. This finding is worri-
some and should gain more attention in clinical practice.

Work. Despite pain, lower hand function, less satisfaction and
overall diminished experience of general health, the PLD/PLFD
patients did not differ from their matched controls regarding
work participation. There is no literature reporting validated ques-
tionnaires regarding occupation, work participation or work prod-
uctivity. For further research, it would be interesting to
investigate whether sick leave, quality of work and work product-
ivity are also comparable between both groups.

Strengths and weaknesses. The use of a matched control group,
two times the size of that of patients is a unique and valuable
contribution to present research about PLD/PLFDs. The severity of
limitations in pain and physical functioning as experienced by the
PLD/PLFD patients can be interpreted in comparison with people
of their age and gender. Furthermore, results of a substantial
number of validated questionnaires were reported, which are
rarely described in literature. The measurements of the CROs were
performed by two researchers. This might have created a small
measurement bias, even though the author performing the meas-
urements received extensive training from the certified hand ther-
apist. Finally, the biggest challenge of this descriptive cohort
study was the scarcity of the injury, which resulted in a small
number of PLD/PLFD patients. To achieve respectable research
quality, a larger sample size is required by performing prospective
multicenter research in the future.
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Clinical implications. The study results enable informing PLD/
PLFD patients about their expected recovery and outcome. A
patient will now know that the flexion/extension and ulnar/radial
deviation might remain limited. Informing patients about the
expected outcome and providing a patient tailored rehabilitation
program is mandatory. Specific attention should be paid to
strength rehabilitation of the injured wrist, since we found a sig-
nificant difference in grip strength between injured and uninjured
wrists. Pain, restrictions in daily life function and diminished gen-
eral health status are likely to be present and patients should be
informed about this. It is advisable to use PROs in the rehabilita-
tion program to investigate what implications the PLD/PLFD has
on a patient’s life and act accordingly. The restrictions patients
experience following PLD/PLFDs seem however unlikely to force
patients to change their occupation, although individual results
show that some minor adjustments at work may be needed.
Clinicians need to be alert that pain plays a major role in the life
of a PLD/PLFD patient. It is important to recognize risk factors for
the development of chronic pain, treat chronic pain when it is
present with a combination of optimal pain relieve, shared-deci-
sion making and rehabilitation strategies. In addition, partial or
complete wrist denervation might be a successful temporary
option for patients who do not perform heavy manual labor.
Other surgical treatment options include several types of partial
or complete wrist arthrodesis. When choosing a type of wrist arth-
rodesis, it is important to exactly indicate what joints are causing
the painful wrist.
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