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Assessment of hand mobility in patients with rheumatoid
arthritis using a computer measurement station
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Summary

Background: The study aimed to assess hand mobility (hand
strength and grip capacity) in patients with rheumatoid arthritis, by
means of objective measurement methods, as well as to evaluate
the link between hand fitness and the level of disability in these sub-
jects. Additionally, the authors assessed the impact of disease
activity, the duration of morning stiffness and the intensity of pain
on the functional condition of the hand.

Material and methods: The study group consisted of 56 patients diag-
nosed with rheumatoid arthritis. The investigated characteristics includ-
ed: disease activity measured with DAS28 (Disease Activity Score),
disability level measured with HAQ (Health Assessment Question-
naire), as well as intensity of pain and duration of morning stiffness.
Hand strength and grip capacity were assessed by means of a spe-
cially designed measuring station.

Results: The controls demonstrated significantly greater grip capac-
ity and grip strength in the right hand in comparison with the study
group (p = 0.000). Additionally, the intensity of pain was found to have
a statistically significant impact on the fitness of the examined hand
(r=-57; p=0.001). Disease activity measured with DAS28 and hand
fitness did not correlate significantly (- =—-0.11). However, a relationship
was demonstrated for the level of functional disability (HAQ) and the
parameters of hand fitness (r = —0.44).

Conclusions: In the period of acute rheumatoid arthritis symptoms,
hand mobility depends mainly on the intensity of pain. The level of
fitness is not affected by the subjects’ age, the duration of morning
stiffness or the level of disease progression. Hand fitness (hand
strength and grip capacity) is a determinant of the disability level in
patients with rheumatoid arthritis.

Streszczenie

Wstep: Celem pracy byta ocena sprawnosci ruchowej reki (sity
chwytu, objetosci chwytu) u chorych z reumatoidalnym zapaleniem
stawdw (RZS) z wykorzystaniem obiektywnych metod pomiaru oraz
ocena zwigzku pomiedzy sprawnoscig ruchowa reki a stopniem
niepetnosprawnosci badanych chorych. Dokonano tez oceny wptywu
aktywnosci procesu chorobowego, czasu trwania sztywnosci poran-
nej i nasilenia dolegliwosci bélowych na stan funkcjonalny reki.
Materiat i metody: Badaniami objeto 56 chorych z rozpoznanym RZS
leczonych na oddziale reumatologii. Oceniano aktywnos¢ procesu
chorobowego wg wskaznika DAS28 (Disease Activity Score), stopien
niepetnosprawnosci wg kwestionariusza HAQ (Health Assessment
Questionnaire), nasilenie dolegliwosci bolowych wg skali VAS oraz czas
trwania sztywnosci porannej. Site reki, objetosé chwytu reki oceniono
za pomoca oryginalnego komputerowego stanowiska pomiarowego.
Wyniki: Wykazano istotnie wyZzsza wartos¢ objetosci chwytu i wiek-
sza site chwytu reki prawej w grupie kontrolnej w poréwnaniu
z grupa badana (p = 0,000). Stwierdzono tez, Zze poziom nasilenia
dolegliwosci bélowych miat istotny statystycznie wptyw na sprawnosé¢
ruchowa badanej reki (r = =57; p = 0,001). Nie wykazano istotnej
zaleznosci pomiedzy poziomem aktywnosci choroby mierzonej
wskaznikiem DAS28 a poziomem sprawnosci (sity chwytéw) badanych
rak (r = =0,11). Stwierdzono natomiast istotna zaleznos¢ pomiedzy
poziomem funkcjonalnej niesprawnosci badanych chorych ocenianej
wg kwestionariusza HAQ a parametrami sprawnosci rak (r = —0,44).
Whioski: W okresie zaostrzenia objawéw RZS sprawnos¢ ruchowa reki
zalezy przede wszystkim od nasilenia dolegliwosci bélowych. Na poziom
tej sprawnosci nie wptywa wiek badanych, czas trwania sztywno-
$ci porannej oraz stopief zaawansowania procesu chorobowego.
Sprawnosc reki (sita i objetos¢ chwytu) istotnie determinuje poziom
niepetnosprawnosci chorych na RZS.
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Introduction

Rheumatoid arthritis (RA) is a chronic, systemic inflam-
matory disease of the connective tissue of unknown aetiol-
ogy. Itis characterised by inflammation of symmetric joints,
the presence of extra-articular changes, and systemic com-
plications. The course of the disease is characterised by hyper-
trophy of the synovial membrane, bone destruction and
destruction of joint cartilage as well as joint deformation and
impairment of joint function [1, 2]. The radiocarpal, radioul-
nar, metacarpophalangeal, and interphalangeal joints of
the hand are primary sites for the inflammatory process.
Changes taking place in joints are accompanied by joint pain
and swelling, morning stiffness, fatigue, and weakness [3].

Disfigurement and deformities of the hands are pres-
ent in 90% of patients with RA [4]. They appear relative-
ly early and are an important prognostic factor. In approx-
imately 10% of patients, the disease process begins with
inflammation of the wrist and 10 years after the onset of
the disease, 60% of patients are found to have damage to
their wrists [5]. Other studies have demonstrated the pres-
ence of typical symptoms and deformities involving the
joints of the hand and wrist as early as 2 years after diag-
nosis of RA [6].

Changes taking place in the rheumatoid hand may lead
to significant disability. Pain, deformities and a reduction
in muscle strength lead to a decrease in the quality of the
grip of the hand and difficulties in performing actions requir-
ing manual dexterity, which has a serious impact on the
functioning of the patient in everyday life [3, 7].

The most common deformities within the hand, ulnar
deviation and palmar deviation, metacarpophalangeal joint
subluxation as well as radial deviation in the radiocarpal
joint, significantly restrict the gripping and functional abil-
ities of the hand [8-13].

The range of movement of the rheumatoid hand is often
restricted, even in the early stages of the disease. Severe
pain in the hand also accompanies the cylindrical and ham-
mer grips. The optimal grip for the rheumatoid hand is the
hook grip [3, 14]. With the progression of the disease, hand
function continues to deteriorate, and the most charac-
teristic feature is a decrease of the strength or an absence
of the cylindrical grip [3]. Normal gripping strength of the
hand enables individuals to perform all basic self-care tasks
as well as more complex functions, for example, work-relat-
ed activities. The progressive development of symptoms
of the disease gradually limits, and finally makes many
actions impossible to perform. The activity of the disease
process, severe pain and joint deformation significantly
restrict muscle strength and muscle endurance as well as
gripping ability and manual dexterity, which, combined with
psychosacial factors such as loneliness or depression, lead
to severe disability and handicap [15-17].
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The aim of the study was to assess the strength and
volume of the cylindrical grip of the hands of patients with
RA, using a computer measurement station, and to
assess the relationship between the degree of patients’ dis-
ability and hand function performance. The study also
assessed the relationship between hand function per-
formance and the activity of the disease process, the dura-
tion of morning stiffness, and the severity of pain.

Material and methods

The study was conducted with the participation of
patients treated in a rheumatological hospital ward.
Patients were enrolled in the study if their diagnosis had
been made in accordance with ACR (American College of
Rheumatology) criteria for rheumatoid arthritis, the dura-
tion of their disease exceeded one year, patients were able
to walk unassisted, received physiotherapeutic interven-
tions, and gave their consent to participate in the study.
Patients were excluded from the study if they had co-exist-
ing neurological diseases, if they had sustained trauma,
a prior history of fractures of the upper limbs and hands,
or had cardiorespiratory failure. A total of 56 female
patients were enrolled in the study. The mean age of
patients in the study group was 57.1 years (SD 10.7) with
an age range of 38 to 77 years. Thirty healthy females were
enrolled in the control group; they had no complaints and
were physically normal with regard to the upper extrem-
ities. The mean age of females in the control group was
55.3 years (SD 6.5) with an age range of 35 to 68 years.

An assessment of the radiological stage of RA disease
according to Steinbrocker (I-IV) was performed in all the
patients in the study group, based on the number of ten-
der and swollen joints, and ESR and CRP values, in addi-
tion to which an evaluation was made of the activity of the
disease process using the DAS28 Index (Disease Activity
Score). The degree of disability was calculated using the
HAQ questionnaire (Health Assessment Questionnaire).
Severity of pain was measured using a visual analogue scale
(VAS).

The functional performance of the hand was assessed
using an original microcomputer measurement station to
measure the grip strength, the area of the palmar surface
of the hand and the range of movement in the joints of
the hand. Measurements were taken of maximal cylindrical
grip strength, of precision two- and three-finger grips, and
the duration of sustained maximal cylindrical grip strength.
The grip strength was defined as a value of pressure cre-
ated by grasping a measuring cylinder (kPa). The grip vol-
ume was also measured, defined as the volume of air dis-
placed from the measuring cylinder during a cylindrical grip.
The expressed air caused the displacement of a bubble in
a vessel connected to the measuring cylinder. This dis-
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placement, expressed in millimetres, was a measure of the
range of movement in the joints of the hand [18].

A statistical analysis of the results of the study was per-
formed using version 9 of the Statistica program. The rela-
tionship between the studied parameters was estimated
by Spearman’s rank correlation coefficient. The level of sig-
nificance of differences was established using the Mann-
Whitney test. The level of significance was set at p < 0.05.

Results

The studied group of patients had a high level of dis-
ease activity, indicative of disease exacerbation (DAS > 5.1).
The study subjects were characterised by a significant
degree of disability (the average level of disability in the
study group, measured using the HAQ questionnaire, was
1.39). In addition, the results revealed that patients were
experiencing severe pain (average level of pain measured
on the VAS scale was 6.28 cm). The duration of morning
stiffness was, on average, 2.5 hours (Table I).

A comparison was conducted of the results of hand
measurements obtained in both groups. No statistically sig-
nificant differences were found between the two studied

groups with regard to the area of the palmar surface of the
hand. However, there were significant differences in the vol-
ume of the grip of the hand and in the gripping strength of
the right hand; the control group had the more favourable
results. The study did not reveal any statistically significant
differences between groups with regard to duration of sus-
tained maximal grip strength (Table II). In the study group
as well as the control group, the results of all the tests con-
ducted on subjects’ right and left hands were very similar
(the difference between the results for subjects’ right and
left hands was statistically non-significant).

The study also included an analysis of the relationship
between functional mobility (expressed as strength and
volume of the grip of the hand) and the patient’s age, stage
of disease (expressed as the degree of progression of radi-
ological changes), the duration of morning stiffness, and
the severity of pain. Among all the studied factors, only the
level of severity of pain had a statistically significant effect
on the functional performance of the studied hand. Study
participants with more severe pain had lower functional
performance. Unquestionably stronger correlations were
observed in the left hand — here most of the relationships

Table I. Clinical and demographic characteristics of studied patients

Studied parameters X Me s Min. Max.
age (in years) 57.10 57.00 10.70 38.00 77.00
DAS28 6.15 6.11 1.21 3.32 8.40
HAQ 1.39 1.45 0.60 0.15 2.25
pain severity according 6.28 6.50 176 2.60 10.00
to VAS (cm)

duration of morning 2.50 2.00 2.30 0.50 12.00
stiffness (h)

Table Il. Numerical characteristics for the parameters of hand mobility in the study group and controls

Functional parameters Group p
(right hand)
study group control group

X Me s X Me s
area of the hand (mm?2) 12575.0 12379.0  2445.0 13111.0 13527.0 1674.0 0.1751
grip volume (mm3) 14.5 14.3 3.4 219 227 37 0.0000***
cylindrical grip strength (kPa) 16.4 14.6 10.7 49.7 52.5 19.4 0.0000***
precision grip strength I-llI 113 10.0 6.2 27.0 239 12.6 0.0000"**
precision grip strength Il 8.5 7.7 4.4 18.5 16.7 7.6 0.0000"**
duration of sustained maximal 2.6 22 17 3.0 3.0 13 0.2492
strength (s)
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Table IlI. Correlations between measurements of hand mobility and subjects’ age, duration of the disease,

duration of morning stiffness, and pain intensity

Functional parameters Age Disease Duration of morning VAS
duration stiffness (h)
grip volume (mm3) right hand 0.16 -0.08 -0.07 —0.44*
grip volume (mm3) left hand 0.21 0.05 0.03 —0.50**
cylindrical grip strength (kPa) right hand 0.02 0.00 0.12 -0.37
cylindrical grip strength (kPa) left hand 0.05 -0.09 -0.03 -0.59**
precision grip strength I-Ill right hand 0.07 -0.04 0.13 -0.27
precision grip strength -l left hand -0.02 —-0.05 0.07 —0.58**
precision grip strength |-l right hand 0.00 -0.01 0.11 -0.33
precision grip strength -l left hand -0.13 -0.03 0.09 —0.60***
duration of sustained maximal strength (s) 0.20 -0.21 -0.13 -0.13
right hand
duration of sustained maximal strength (s) 0.02 -0.28 -0.06 -0.26
left hand

could be described as average (Spearman’s coefficient, 0.5
< |Rl < 0.7) (Table Il).

An analogous method was applied to study the rela-
tionship between the level of disease activity and the func-
tional ability of studied hands (Table V). With regard to
the right hand, the results showed no statistically sig-
nificant relationship between the level of disease activity,
as measured by DAS28, and the functional mobility of the
hand expressed as volume of the grip of the hand, the
strength of the respective grips of the hand and the dura-
tion of sustained maximal grip strength. For the left hand,
correlations between its functional mobility and the lev-
el of disease activity were slightly higher, but no statisti-

cally significant relationship was established. The corre-
lation between DAS28 and cylindrical grip strength in the
left hand (R =-0.36) had borderline statistical significance
(p = 0.0569).

Furthermore, an analysis was conducted of the rela-
tionship between the level of functional disability (HAQ) and
the results of functional mobility measurements (Table IV).
Most of the examined relationships were statistically sig-
nificant; the strength of the respective relationships may
be described as average. Negative values of correlation coef-
ficients indicate that with increasingly higher (improved)
results of functional mobility measurements, the level of
disability decreases (HAQ scores continue to fall).

Table IV. Correlations between measurements of hand function and values of DAS28 and HAQ scores

Functional parameters DAS28 HAQ

right hand left hand right hand left hand
grip volume (mm3) -0.02 0.04 —0.49** -0.43*
cylindrical grip
strength (kPa) -0.11 -0.36 —0.44* —0.56**
precision grip
strength 11l -0.11 -0.15 -0.47* —0.56**
precision grip
strength Il -0.11 -0.22 -0.51** —0.53**
duration of sustained -0.30 0.05 -0.40* -0.24
maximal strength (s)

Reumatologia 2013; 51/2
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Discussion

The activity and functional ability of patients with RA
depends to a significant extent on the progression of the
disease process [19]. The most common abnormalities and
dysfunctions are those associated with disturbed hand func-
tion [20]. These disorders have a particularly strong effect
on patients’ quality of life. Disturbed grip function can often
appear as early as the initial stages of the disease, mak-
ing it difficult to perform everyday functions, and it is one
of the main causes of disability in patients [3, 21].

The study was conducted in a group of patients treat-
ed on a rheumatological ward for exacerbation of their dis-
ease. The mean DAS28 score in the study group was 6.15.
In a study assessing the strength of the flexor muscles of
the hand in a group of patients with RA and a control group,
Wozniewski et al. [22] demonstrated that the hand
strength of patients with RA is 40% lower compared to the
strength of healthy subjects’ hands. The results of an orig-
inal study indicated that the difference in muscle strength
was significantly larger. During disease exacerbations, mus-
cle strength measured in the cylindrical grip and precision
two- and three-finger grips was significantly lower com-
pared with the results of muscle strength measurements
in the control group. The difference, compared with the con-
trol group, was almost three-fold. The volume of the cylin-
drical grip (volume of air displaced from the cylinder) was
also significantly smaller in the study group. It must be
added that there were no significant differences in the area
of the palmar surface of the hand between the two groups.
Measuring the grip volume is an indirect method of eval-
uating mobility in the joints of the fingers of the hands and
the result of the study confirmed significant limitation of
the range of motion and the unquestionably limiting effect
of pain on movement.

An assessment was also made of strength endurance
expressed as the duration of sustained maximal and sub-
maximal strength of cylindrical grip. Subjects in the study
group were able to maintain maximal grip strength over
a mean period of 2.6 s while subjects from the control group
maintained maximal grip strength for 3 s. The difference
was not statistically significant. We may therefore assume
that in patients with RA, the strength endurance needed
in everyday life in order to perform many self-care tasks
is probably maintained at a level similar to healthy indi-
viduals and the main limitation on muscle function is the
result of significantly lower strength.

According to Zuk and Ksiezopolska-Ortowska [3], the grip-
ping strength of a hand affected by rheumatoid arthritis
depends on the stage of the disease. In the study group, there
was no statistically significant relationship between the
strength of the grip of the hand and the degree of radio-
logical progression, which may be a result of the presence

of disease exacerbation and severe pain, the most signif-
icant factors affecting the degree of functional ability of the
hands of studied patients. Furthermore, there was no sig-
nificant correlation between the duration of morning stiff-
ness and the level of hand function performance.

The restriction of the range of movement of the joints
and reduction in muscle strength restrict functional capac-
ity and are the cause of progressive disability [21]. Wistow-
ska et al. [23] demonstrated a statistically significant cor-
relation between quality of life assessed using the SF-36
survey and patients’ age, disease duration, ESR value, CRP
concentration, and the severity of pain. The statistically sig-
nificant relationship between the severity of pain demon-
strated in the study, measured on the VAS scale, and the
parameters of functional mobility of the hand confirm the
findings of studies by Rupinski and Filipowicz-Sosnowska
[24]. The authors demonstrated that evaluation of the sever-
ity of pain may be an easy-to-use test that can determine
the approximate degree of risk of developing disability in
patients with RA over the age of 55 years.

The HAQ questionnaire is one of the more important
indicators of disability and enables assessment of the over-
all fitness of an individual in the performance of everyday
activities. It is assumed that a value of HAQ > 1is a clini-
cal exponent of disability and signifies a degree of restric-
tion on most aspects of everyday life [24]. Factors that have
a significant effect on the degree of disability are disease
activity, structural changes within the locomotor system,
and psychosocial factors [16]. Factors directly associated
with the disease (activity of the inflammatory process, joint
destruction, and pain) are responsible for 50-70% of vari-
ability in the HAQ score [24]. According to Olewicz-Gaw-
lik and Hrycaj [25], determination of the DAS score and the
HAQ coefficient make it possible to predict, with a high
degree of accuracy, the course of the disease, progression
of radiological changes, and disability.

Studies investigating levels of functional ability in
patients with RA have shown that limitations in the abil-
ity to perform basic daily activities were associated with
joint pain, the presence of morning stiffness, and low hand
muscle strength [26]. Dias et al. [27] also demonstrated a sig-
nificant correlation between the range of movement in the
joints of the hand (the so-called functional range of
movement of the hand was assessed) and a subjective
assessment by the patient expressed in the form of
a disability scale. Meanwhile, Nordenskiold and Grimby [15]
demonstrated a relationship between the degree of func-
tional ability to perform everyday activities and hand mus-
cle strength. The authors established that the majority of
patients with RA (65%) avoid performing tasks that
require a significant amount of strength and manual dex-
terity as well as functions that require simultaneous
involvement of a large number of joints.
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In our original studies, the computer-assisted method
of measuring the strength of the cylindrical grip and the
two- and three-finger grips enabled objective and precise
functional assessment of the hand itself. These measur-
ing methods, used to evaluate the state of health of patients
with RA, enable appropriate planning and necessary mod-
ification, if required, of therapeutic rehabilitation pro-
grammes for these patients. The value of the results
obtained in studies may, however, be slightly limited since,
according to Rupp et al. [25], studies investigating the effect
of variables associated with RA activity on quality of life
and disability should be designed with a patient follow-
up period of several years. Thus, there is a valid need to
conduct long-term studies with the participation of larg-
er groups, assessing the correlation between the degree
of hand dysfunction and the level of disability and level of
disease activity in patients with RA.

Conclusions

1. During periods of exacerbation of symptoms of the dis-
ease, hand function performance in female subjects
depended primarily on the severity of pain. Patients’ age,
duration of morning stiffness and the stage of the disease
did not affect the level of hand function performance.

2. Functional mobility determines the degree of disability
of patients with RA.

3. Itis necessary to conduct further studies on a larger group
of patients in order to assess changes in hand dysfunction
and define the factors that influence these changes in
the course of RA.

The authors declare no conflict of interest and no
funding.
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