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Abstract
Purpose  Patients with inflammatory rheumatic disease (IRD) have attenuated muscle strength in the lower extremities, 
resulting in impaired physical function and quality of life. Although maximal strength training (MST), applying heavy 
resistance, is documented to be a potent countermeasure for such attenuation, it is uncertain if it is feasible in IRD given the 
pain, stiffness, and joint swelling that characterize the population.
Methods  23 patients with IRD (49 ± 13 years; 20 females/3 males), diagnosed with spondyloarthritis, rheumatoid arthritis, 
or systemic lupus erythematosus, were randomized to MST or a control group (CG). The MST group performed four × four 
repetitions dynamic leg press two times per week for 10 weeks at ~ 90% of one repetition maximum (1RM). Before and after 
training 1RM, rate of force development (RFD), and health-related quality of life (HRQoL) were measured.
Results  Session attendance in the MST group was 95%, of which 95% conducted according to MST protocol. Furthermore, 
MST increased 1RM (29 ± 12%, p = 0.001) and early and late phase RFD (33–76%, p < 0.05). All improvements were dif-
ferent from the CG (p < 0.05). MST also resulted in HRQoL improvements in the dimensions; physical functioning, general 
health, and vitality (p < 0.05). Physical functioning was associated with 1RM (rho = 0.55, p < 0.01) and early phase RFD 
(rho = 0.53–0.71, p < 0.01; different from CG p < 0.05).
Conclusions  Despite being characterized by pain, stiffness, and joint swelling, patients with IRD appear to tolerate MST 
well. Given the improvements in 1RM, RFD, and HRQoL MST should be considered as a treatment strategy to counteract 
attenuated muscle strength, physical function, and HRQoL.
Trial registration: ClinicalTrials.gov, NCT04998955, retrospectively registered.

Keywords  Heavy resistance training · One repetition maximum · Rate of force development · Rehabilitation · Rheumatoid 
arthritis
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Introduction

Patients with inflammatory rheumatic disease (IRD), such 
as rheumatoid arthritis (RA), spondyolarthritis (SpA), and 
systemic lupus erythematosus (SLE), are characterized 
by attenuated lower extremities muscle strength (Marcora 
et al. 2006; Häkkinen et al. 1995; Balsamo et al. 2013). In 
turn, this attenuation strongly predicts impaired physical 
function (Andrews et al. 2015), even when controlled for 
pain, joint swelling, disability score, and disease duration 
(Madsen and Egsmose 2001). Ultimately, the impaired 
physical function may lead to reduced health-related qual-
ity of life (HRQoL) (Salaffi et al. 2018). Treatments to 
improve lower extremities muscle strength in patients with 
IRD, and thus counteract the impaired physical function 
and reduced HRQoL, are sought after.

Strength training with light to moderate resistance is 
considered safe as well as beneficial for patients with IRD 
(Baillet et al. 2012; Sveaas et al. 2017). More than 20 years 
ago beneficial effects of strength training in patients 
with rheumatoid arthritis was documented. Increases in 
dynamic knee extension one repetition maximum (1RM) 
of 44% following a progressive loading (40–60 to 70–80% 
of 1RM), 6-month, training intervention was reported, 
albeit the patients’ rate of force development (RFD) did 
not exhibit any training-induced improvement (Häkkinen 
et al. 1997). Although improvements in 1RM undoubtedly 
are of great importance in this patient population, RFD is 
an additional and critical measure, since it is recognized 
to be closely associated with sudden corrective muscle 
actions (Ochi et al. 2020; Izquierdo et al. 1999) as well as 
functional performance (Andersen et al. 2010; Aagaard 
et al. 2002). RFD is also shown to be closely associated 
with neural factors for force production (Andersen and 
Aagaard 2006). On this basis, it is certainly interesting that 
patients with IRD are documented to exhibit a reduction in 
maximal muscle strength that is considerably larger than 
what would be expected from the decline in muscle mass 
alone (Yamada et al. 2017). This indicates that neural fac-
tors and muscle intrinsic properties of force production 
may play an important role in the attenuation of the muscle 
strength. Indeed, rheumatoid arthritis patients have also 
been described to have lower RFD compared to healthy 
controls (Häkkinen et al. 1997).

Strength training that is tailored to not only increase 
1RM, but also RFD, through enhancement of neural fac-
tors and muscle intrinsic properties, may be an advan-
tageous approach in this patient population. Maximal 
strength training (MST), utilizing heavy resistance (~ 90% 
of one repetition maximum; 1RM), and executed with an 
aim to maximally contract the musculature in the con-
centric phase of the movement, is indeed such a strength 

training modality, since it is documented to enhance effer-
ent neural drive to maximally contracting musculature 
(Tøien et al. 2018) as well as to increase muscle mass 
(Wang et al. 2017). Of importance, MST is shown to yield 
almost a twofold increase in 1RM and rate of force devel-
opment (RFD) compared to conventional strength training 
consisting of more moderate resistance (70–75% of 1RM) 
(Heggelund et al. 2013).

Given MSTs great impact on neuromuscular function, and 
consequently 1RM and RFD, in young (Heggelund et al. 
2013; Tøien et al. 2018), old (Wang et al. 2017), and frail 
patient populations (Mosti et al. 2013; CeŠeiko et al. 2020) 
MST may have merit as a training modality in patients with 
IRD. However, the feasibility of utilizing MST in this patient 
population is dependent on the toleration of the intervention. 
This is an important query as patients with IRD are charac-
terized by pain, stiffness, joint swelling (Perrotta et al. 2021), 
and as patients report pain as one decisive disease-related 
barrier to exercise therapy (Veldhuijzen van Zanten et al. 
2015; Fongen et al. 2015). Thus, the aim of this study was 
to assess if MST (1) was a feasible therapy for patients with 
IRD, (2) improved 1RM and RFD, and (3) impacted physi-
cal function and HRQoL. We hypothesized that 10 weeks of 
MST in a group of patients with IRD would improve 1RM 
and RFD, and that this enhanced skeletal muscle force gen-
erating capacity would augment the patients’ physical func-
tion and HRQoL.

Methods

Participants

Twenty-four women and five men with confirmed IRD in 
the form of RA, SpA or SLE were enrolled into the study 
through the Norwegian Rheumatic Association, and ran-
domly assigned to MST (n = 14) or a control group (CG; 
n = 15). Patient characteristics for individuals that completed 
the study are given in Table 1. All patients were screened 
by a medical doctor prior to enrolment. The patients´ IRD 
had to be stable with no change in disease-modifying anti-
rheumatic drugs over the last 3 months, or anticipated need 
to change during the intervention. Exclusion criteria were 
inability to perform the study procedures, pregnancy, unsta-
ble ischemic heart disease and planned surgeries influenc-
ing study compliance. A maximal oxygen uptake ( V̇O2max) 
test was used to assess the participants general fitness level, 
along with measurements of skeletal muscle force generating 
capacity, and revealed that the participants were relatively 
sedentary ( V̇O2max, 30.0 ± 5.4 mL·kg−1·min−1). All par-
ticipants also reported to be unfamiliar with high intensity 
strength training. The study was approved by the Regional 
Committee for Medical and Health Research Ethics in 
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Norway and conducted in accordance with the declaration 
of Helsinki. All patients reviewed and signed informed con-
sents before participating in the study.

Study timeline

Both groups were encouraged to keep treatments, nutri-
tion, exercise, and physical activity constant throughout the 
study period. As a measurement of cardiorespiratory fitness,  
V̇O2max was obtained using an incremental treadmill pro-
tocol, on a separate day, before assessment of the patients’ 
HRQoL and testing of muscle strength. For the latter 
assessments, a standardized testing protocol was performed 
3–5 days before the 10-week study period, and 3–5 days 
after the last training session carried out by participants in 
the MST group. All tests were performed in both groups 
using the same protocols, in the same order, with the same 
equipment, at the same time of the day, and by the same 
personnel for the pre- and post-test. The testing started with 
the participants receiving a HRQoL questionnaire followed 
by measurements of 1RM and dynamic RFD, respectively, 
in the lower extremities. Patients were instructed to not per-
form any intensive activity 48 h before test days.

Maximal oxygen uptake testing procedures

After warming up for 10 min, the speed was set to 4.5 km 
h−1, and the workload gradually increased by 1.0 km/h 
or 2% every min. All patients continued their effort until 
exhaustion, typically within 5–6 min, and encouragement 
was given to the participants from the tester. Oxygen uptake 

measurements were measured using a Cortex Metamax II 
(Cortex Biophysik, Leipzig, Germany) analyzer, and stand-
ardized criteria were applied to determine if V̇O2max was 
reached (Wang et al. 2014).

Strength testing procedures

Maximal muscle strength: Following a 10 min warm-up on 
a treadmill, measurements of 1RM were carried out in a 
seated horizontal leg press apparatus (Gymleco 343, Swe-
den). Patients performed a dynamic eccentric–concentric 
movement initiated from a near 180° angle in the knee joint 
to 90° in the lowest position, determined visually with assis-
tance of a goniometer, and subsequently back to the starting 
position after a short (< 1 s) stop. The leg press warm-up 
procedure consisted of 3 sets with 2–8 repetitions starting 
with light resistance (50% of estimated 1RM). 1RM was 
then attained within 3–5 lifts, where the load was progres-
sively increased with 5–10 kg until failure. Patients were 
given 3–4 min of rest between attempts. The highest load 
successfully completed was recorded as 1RM. Irrespective 
of strength training experience or familiarization, the median 
intraclass correlation coefficient for 1RM has been reported 
to be good-to-excellent at 0.97 with a low level of variation 
(Grgic et al. 2020).

Dynamic rate of force development: After a 5 min break, 
dynamic RFD was measured in the same leg press apparatus 
as used for the maximal strength testing, using a force plate 
(9286AA, Kistler, Switzerland) mounted on the footplate. 
External resistance during RFD attempts corresponded to 
80% of pretest 1RM, and data was collected at 2000 Hz 
using Bioware software 2812A1–3 (Kistler, Switzerland). 
The lifts consisted of a controlled eccentric movement to 
the 90° knee joint angle, where, after a short (< 1 s) stop, 
the patients were instructed to perform the concentric move-
ment as fast and forcefully as possible. Three trials were 
recorded with 3 min rest periods between the trials. The 
best attempt was used for data analyses. RFD was calculated 
as Δforce/Δtime within the intervals 0–30, 0–50, 0–100, 
0–150, 0–200, and 100–200 ms, where 0 ms represented the 
commencement of concentric force production. In addition, 
maximal RFD (RFDmax) was calculated as the steepest 10 ms 
of the force–time curve.

Health‑related quality of life

A non-disease dependent self-administered HRQoL ques-
tionnaire, Norwegian RAND-36 (Ware and Sherbourne 
1992), was given to all patients at pre- and post-test. RAND-
36 has been considered to be valid and reliable in the IRD 
patient population (Linde et al. 2008). The questionnaire 
evaluates eight dimensions: physical functioning, bodily 
pain, physical role functioning, general health, vitality, 

Table 1   Descriptive characteristics

Data presented as mean (SD) for interpretive and comparative pur-
poses. MST maximal strength training, CG control group, BMI body 
mass index, RA rheumatoid arthritis, SPA spondyloarthritis, SLE sys-
temic lupus erythematosus

MST (n = 13) CG (n = 10)

Female/Male, n 11/2 9/1
Age, years, mean (SD) 49 (16) 50 (7)
Height, cm, mean (SD) 170 (6) 170 (4)
BMI (kg‧m−2), mean (SD) 27.2 (4.6) 25.8 (3.1)
Diagnosis
 RA, n 3 4
 SpA, n 8 6
 SLE, n 2

Disease duration, years, mean (SD) 8 (11) 15 (15)
Medication
 Disease modifying anti-rheumatic 

drugs, %
77 80

 Non-steroidal anti-inflammatory drugs, 
%

46 40
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emotional well-being, social functioning, and emotional 
role functioning. Each dimensions’ outcome is converted 
to a 0–100 score, where higher scores constitute a better 
health outcome.

Maximal strength training

The MST group attended two dynamic leg press sessions 
per week on non-consecutive days for 10 weeks, supervised 
by a healthcare professional. All sessions started with two 
warm-up sets using moderate resistance (~ 40–60% of 1RM), 
separated by a three min break before commencing four sets 
of four repetitions with a resistance of ~ 90% of 1RM. A 
linear progression model was applied, where the load was 
increased with 5 kg whenever the patients were able to com-
plete more than four repetitions and reduced by 5 kg if they 
could only perform three repetitions. In addition, a general 
rule for pain management was implemented. During exer-
cise, some pain was tolerated (≤ 5 on a 0–10 Borg scale) 
(Sveaas et al. 2020). If the pain exceeded this during the 
leg press exercise or did not subside within 24 h following 
training, relevant short-term adjustments were made. Typi-
cally, reductions in total training load or decreasing range of 
motion of the knee joint were applied. Total session training 
load was modified through lowering resistance with ≤ 20% 
from previously completed set or reducing the total num-
ber of repetitions in a session from 16 to between 8 and 
12. Altering knee joint lifting range of motion was done 
by reducing total range of motion by ≤ 20° in either end of 
the ~ 180°–90° lifting range.

The training was performed in the same leg press appa-
ratus used during testing and, as in testing, started with a 
controlled eccentric phase from near 180° to 90° knee joint 
angle, where the patients were instructed to perform a brief 
(< 1 s) pause. The brief stop was followed by maximal mobi-
lization of force, to stimulate neuromuscular adaptations 
(Wang et al. 2017; Tøien et al. 2018), back to a knee angle 
of near 180°. Including the rest periods of 3–4 min between 
sets, each session lasted for 15–20 min. The CG did not 
receive any supervised training during the intervention but 
were encouraged to keep existing physical activity routines 
and to follow the Norwegian directory of health’s general 
advice of physical activity for a minimum of 150 min with 
moderate intensity, or 75 min with high intensity, or a com-
bination of both, per week. After termination of the study 
period patients in the CG were given a supervised introduc-
tion session to MST.

Feasibility

Feasibility was evaluated by patient retention, attendance 
to training sessions and compliance to the MST protocol. 
Throughout the intervention patients were instructed to 

report pain or any other discomfort, e.g., fatigue, joint stiff-
ness and/or swelling, that could influence the training (dis-
ease related or not) to the healthcare professional supervis-
ing the training sessions. Compliance to the prescribed MST 
protocol was assessed by participants’ individual exercise 
performance data. In particular, the feasibility of adhering 
to the progression model. Every session was supervised by 
a healthcare professional, and all adjustments from each set 
of the dynamic leg press strength training were recorded in 
the individual patients’ exercise log and reviewed during the 
feasibility assessment.

Statistical analyses

Statistical analyses were blinded for group allocation and 
performed using SPSS statistics software 26.0 (IBM, Chi-
cago, IL). Figures were made using GraphPad Prism ver-
sion 8 (GraphPad Software, San Diego, CA). Sample size 
was estimated based on expected between-group difference 
in 1RM at post-test. Presuming a standard deviation of 
15 kg with an anticipated mean difference of 20 kg between 
groups, a sample of 18 patients (n = 9 in each group) would 
be required to maintain a statistical power of 0.80 with 
a two-sided alpha of 0.05. Due to the potential of higher 
drop-out rates from patient populations we aimed to enrol 
30 participants, 15 in each group. Data for the primary out-
come measures of force generating capacity exhibited simi-
lar Gaussian distribution for both groups. However, due to 
small sample sizes non-parametric statistics were utilized 
for significance testing. Within-group differences were ana-
lyzed using Wilcoxon signed rank test and Mann–Whitney 
U test was performed to detect between-group differences 
following the study period. Relationships between changes 
in variables from pre- to post-test included both the CG and 
the MST groups and were determined using Spearman rank 
correlation coefficient. For all tests, level of significance was 
accepted at p < 0.05. For interpretive and comparative pur-
poses data are presented as mean ± standard deviation (SD) 
in text and tables, and in figures as mean and 95% confidence 
intervals.

Results

Participant compliance and retention

Out of the 29 participants enrolled into the study, 23 
patients completed the study within the 10-week inter-
vention period (MST: n = 13; CG: n = 10). The one patient 
that withdrew from MST, after 2 weeks, gave inflamma-
tion of the ankle joint as the reason for the withdrawal. 
Although a familiar issue to the patient, the influence of 
the training intervention cannot be ruled out as a cause for 
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the inflammation. Of the 15 patients randomized to the CG 
5 were lost to follow-up. Three of the patients gave medi-
cal reasons, unrelated to the experimental procedures, as 
their reason for withdrawal, while two did not show up for 
post-testing for unknown reasons. No baseline differences 
were observed between the two groups and no reported 
change in medication occurred in either group during the 
study period.

Exercise attendance and compliance

The 13 patients in the MST group that completed the study 
had a mean attendance of 19 ± 1 out of the planned 20 ses-
sions (95%). Of the 243 MST sessions performed altogether, 
230 (95%) of them were carried out in accordance with the 
prescribed protocol. In the continuous feedback to the health 
professionals supervising MST, none of the 13 patients 
experienced pain or other disease related discomforts that 
warranted reporting. Some muscle soreness was reported, 
however, not more than what is typically expected follow-
ing this type of strength training. Only the remaining 13 
(5%) individual sessions, divided among 7 patients, needed 
adjustments due to short term pain management. The adjust-
ments entailed one or more of the following: (1) a reduc-
tion in exercise resistance with ≤ 10% from the previously 
completed set, (2) performing less than (but at least half) 
the prescribed 4 × 4 repetitions, (3) minor alterations in knee 
joint lifting range of motion. The highest number of sessions 
needing adjustment for one individual was three. None of the 
adjustments for any of the 13 sessions were on consecutive 
sessions or for a repeating issue for any of these 7 patients. 
Moreover, the adjusted sessions were spread across the dura-
tion of the intervention period, specifically, at sessions num-
ber: 1, 5, 7, 8, 9, 12, 12, 13, 14, 14, 18, 18 and 20.

Skeletal muscle force generating capacity

Ten weeks of supervised horizontal leg press training 
increased the MST groups’ 1RM by 29 ± 12% (p = 0.001), 
with no change occurring in the CG, and this was also appar-
ent as a between-groups difference (p < 0.001) (Fig. 1). The 
MST group improved early phase RFD in the time inter-
vals 0–30 ms, 0–50 ms, 0–100 ms, 0–150 ms by 60 ± 44%, 
76 ± 57%, 47 ± 40% and 38 ± 35%, respectively, from 
pre- to post-training (all p < 0.01; Fig. 2). In addition, late 
phase (100–200 ms) RFD was improved following MST 
by 35 ± 53% (p < 0.05; Table 2). Total RFD (0–200 ms) 
increased by 33 ± 29% (p < 0.01; Fig. 2), while RFDmax 
exhibited a tendency for improvement (20 ± 32%, p = 0.06). 
All RFD improvements were apparent as between-group dif-
ferences (p ≤ 0.001–0.05; Fig. 2; Table 2).

Health‑related quality of life

HRQoL increased in three dimensions following MST. 
Physical functioning improved by 7.3 ± 9.0 units along with 
improvements in general health by 9.2 ± 11.9 units, and 
vitality by 16.5 ± 23.4 units (all p < 0.05; Table 3). The mini-
mally clinically important difference in the HRQoL dimen-
sions Physical functioning, general health and vitality have 
previously been described to be between 3 to 7.7 points, 2.4 
to 5 points and 3 to 7.8 points, respectively (Samsa et al. 
1999; Kosinski et al. 2000). No changes were detected in 
the CG following the study period. Between-group differ-
ences were observed for the dimensions physical function-
ing and emotional role functioning (both p < 0.05; Table 3). 

Fig. 1   Leg press maximal strength before and after 10  weeks of 
maximal strength training (MST). 1RM, one repetition maximum. 
Data presented as mean with 95% confidence intervals and individual 
responses for interpretation. ***p = 0.001; significant within group 
difference from pretraining (Wilcoxon signed rank test). ###p < 0.001; 
significant difference between groups from pre- to post-test (Mann–
Whitney U test)

Fig. 2   Percentage change improvement in time course of leg press 
rate of force development (RFD) from pre- to post-training. MST, 
maximal strength training. Data presented as mean and 95% confi-
dence intervals for interpretation. **p < 0.01; significant within group 
difference from pretraining (Wilcoxon signed rank test). ##p < 0.01, 
###p ≤ 0.001; significant difference between groups from pre- to post-
test (Mann–Whitney U test)
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The changes in self-reported physical functioning correlated 
with changes in 1RM (rho = 0.55, p = 0.007; Fig. 3A). Fur-
thermore, associations between changes in physical func-
tioning and changes in RFD in the time intervals 0–30 ms 
(rho = 0.53, p = 0.01), 0–50  ms (rho = 0.62, p = 0.002), 
0–100  ms (rho = 0.71, p < 0.001; Fig.  3B), 0–150  ms 
(rho = 0.60, p = 0.002), 0–200 ms (rho = 0.63, p = 0.001), 
and RFDmax (rho = 0.56, p = 0.005) were identified. 

Discussion

Patients with IRD suffer from attenuated muscle strength 
which, in turn, may lead to impaired physical function, 
and ultimately reduced quality of life (Baillet et al. 2012). 
Although MST is documented to be an effective coun-
termeasure to this unfavorable outcome, it was unknown 
whether patients with IRD, who commonly suffer pain, stiff-
ness and joint swelling, could tolerate training with heavy 
resistance of about 90% of their maximal strength. Thus, the 

purpose of the current study was to investigate the feasibil-
ity and effect of leg press MST in this population. The main 
findings were that (1) the MST group completed > 95% of 
the planned MST sessions, of which ~ 95% of completed ses-
sion were performed in accordance with protocol (2) MST 
resulted in an increased 1RM, early and late phase RFD 
(3) The increased force generating capacity was associated 
with an improved HRQoL related to physical function. No 
changes were observed in the CG following the study period. 
Our results reveal that patients with IRD are able to per-
form strength training with a very high intensity, and that the 
MST-induced muscle force generating capacity has implica-
tions for the patients´ physical function and HRQoL. The 
results encourage incorporation of MST in future treatment 
and rehabilitation of patients with IRD.

MST, IRD, and feasibility

Inflammation is a fundamental clinical sign of rheu-
matic disease (Schattenkirchner 1987), and symptoms are 

Table 2   Leg press rate of force 
development before and after 
maximal strength training 
(MST)

Data (in N·s−1) presented as mean ± SD for interpretive and comparative purposes. CG, control group. 
*p < 0.05, **p < 0.01; significant within group difference from pretraining (Wilcoxon signed rank test). 
#p < 0.05, ## p < 0.01, ### p ≤ 0.001; significant difference between groups from pre- to post-test (Mann–
Whitney U test)

MST (n = 13) CG (n = 10)

Pretraining Posttraining Pretraining Posttraining

0–30 ms 710 ± 338 1067 ± 426**## 900 ± 661 800 ± 447
0–50 ms 945 ± 528 1509 ± 698**### 1150 ± 817 1064 ± 609
0–100 ms 1541 ± 728 2088 ± 657**## 1633 ± 822 1454 ± 749
0–150 ms 1694 ± 584 2236 ± 558**### 1743 ± 613 1549 ± 574
0–200 ms 1578 ± 476 2024 ± 448**### 1593 ± 487 1479 ± 438
100–200 ms 1615 ± 569 1959 ± 528*# 1553 ± 464 1504 ± 490
RFDmax (10 ms) 2885 ± 901 3331 ± 991# 2864 ± 1036 2565 ± 797

Table 3   Health-related quality 
of life before and after maximal 
strength training (MST)

Data presented as mean ± SD for interpretive and comparative purposes. CG, control group. *p < 0.05, 
**p < 0.01; significant within group difference from pretraining (Wilcoxon signed rank test). #p < 0.05; sig-
nificant difference between groups from pre- to post-test (Mann–Whitney U test)

MST (n = 13) CG (n = 10)

Pretraining Posttraining Pretraining Posttraining

RAND 36
Physical functioning 77.3 ± 14.4 84.6 ± 14.6*# 81.5 ± 11.3 80.5 ± 10.1
Bodily pain 50.4 ± 13.8 55.4 ± 17.8 47.5 ± 12.1 47.5 ± 16.7
Physical role functioning 28.9 ± 43.1 51.9 ± 40.1 40.0 ± 41.2 45.0 ± 43.8
General health 45.8 ± 18.5 55.0 ± 20.4** 49.0 ± 19.0 52.5 ± 17.8
Vitality 43.1 ± 23.2 59.6 ± 17.7* 38.0 ± 16.7 46.5 ± 23.3
Emotional well-being 79.4 ± 10.4 84.0 ± 10.8 76.4 ± 18.6 75.2 ± 16.8
Social functioning 72.1 ± 24.6 80.8 ± 18.1 60.0 ± 25.6 62.5 ± 25.7
Emotional role functioning 82.1 ± 32.2 100.0 ± 0.0# 83.3 ± 36.0 66.7 ± 44.5
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commonly manifested as musculoskeletal pain, swelling, 
and stiffness (Sparks 2019). These symptoms could poten-
tially hamper strength training with multi-joint exercises, 
particularly when applying heavy resistance. The current 
study documented that ~ 95% of the planned leg press MST 
sessions were performed in accordance with protocol. This 
was accomplished without exacerbating any of the HRQoL 
dimensions, including bodily pain (Table 3) or causing other 
discomforts affecting the exercise setting.

Increased experience of joint stiffness has previously 
been reported to act as a barrier to physical activity, while 
a reduction works as a facilitator (Veldhuijzen van Zanten 
et al. 2015). Consequently, the high compliance to MST, 
in combination with the in-session patient dialogue and 
HRQoL results, indicate a general tolerance to the training 
regarding these symptoms that frequently impede physical 
function. In fact, even for the 13 MST sessions that were not 
performed in accordance with protocol, only minor adjust-
ments were made, and more than half of the sets were carried 
out as planned. The 13 sessions requiring adjustments were 

distributed throughout the intervention period, also suggest-
ing that the training did not worsen pain, joint swelling, or 
stiffness as the 10-week MST intervention progressed.

Considering the very high compliance to protocol, the 
substantial 1RM improvement of 29% was not surpris-
ing, and is in line with similar MST interventions in other 
patient populations (Wang et al. 2010; Helgerud et al. 2011; 
CeŠeiko et al. 2020). In fact, the improvement is even some-
what larger than what is observed in healthy individuals 
across various ages, where an average improvement of 24% 
has been observed after a total of 24 MST sessions (Kit-
tilsen et al. 2021). This may be due to a larger potential for 
improvement from a low baseline and/or a mathematically 
larger percentage increase because of small numbers. The 
1.6% 1RM increase per training session in the current study 
appears to be relatively large compared to previous strength 
training studies with this patient population. For example, a 
study by Häkkinen et al. (1997) with inflammatory arthritis 
patients reported a 1RM increase of 44% following 50 ses-
sions (6 months), implying ~ 0.9% per session.

MST as a strength training method entails a few key fac-
tors that may have contributed to its feasibility in this patient 
population. One important aspect with MST is that the high 
intensity is limited to the concentric phase of the movement, 
while the eccentric phase is executed in a controlled and 
slow fashion, with a short stop before the concentric action. 
Recognizing that the forces acting on the joints is consid-
erably greater during high-speed eccentric muscle actions 
compared to concentric (Kellis 2001), MST minimizes the 
impact of potentially harmful eccentric muscle action (Tøien 
et al. 2018). A second key feature with MST is the very low 
volume. The 4 sets are short, rest periods relative long, and 
each training session is completed in ~ 15–20 min. Consid-
ering that the patients only carried out these sessions twice 
a week in only one exercise, leg press, the overall taxation 
on the patients´ joints and muscles was very low. A final 
component with leg press MST, as performed in the current 
study, is that the repetitions involves a knee joint range of 
motion from ~ 180° to an angle not lower than 90° in the 
lowest position, reducing the stress on the hip (Wretenberg 
et al. 1993) and knee (Cotter et al. 2013) joints that occur 
below 90° of knee flexion. However, it is uncertain if this 
reduces the risk of injuries (Hartmann et al. 2013) or pain.

RFD-improvements were also in line with previous 
MST-induced responses documented in healthy individu-
als (Tøien et al. 2018; Unhjem et al. 2015; Fimland et al. 
2009). In comparison, Tøien et al. (2018) reported, using 
the same RFD time intervals, increases in the magnitude of 
39–62% following leg press MST in healthy young, similar 
to the 33–76% improvements observed in the present study 
(Fig. 2). Previously, the early and late phase of RFD is rec-
ognized to be affected by different physiological parameters 
(Andersen and Aagaard 2006). The early phase (< 100 ms) 

Fig. 3   Association (Spearman rank correlation coefficient; rho) 
between pre- to postintervention differences in the dimension physi-
cal functioning (PF) from Rand 36 for (A) one repetition maximum 
(1RM) and (B) rate of force development (RFD) 0–100  ms. MST, 
maximal strength training group (n = 13) and Control group (n = 10). 
Data points marked “ × ” indicate two overlapping identical within 
group values
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is more influenced by intrinsic contractile properties of the 
muscle and neural factors (Maffiuletti et al. 2016), while the 
later phases are more closely related to maximal strength 
and muscle fiber size (Andersen et al. 2010). However, 
both phases are dependent on neural factors, with changes 
in motoneuron firing frequency arguably being the most 
important (Aagaard et al. 2002). Early and late phase RFD 
increased following MST in the present study, implying 
that the participants improved both their qualitative and 
quantitative neuromuscular properties. Notably, Andersen 
et al. (2010) suggested that early phase RFD improvements 
may be caused by the application of very heavy resistance 
(> 85% of 1RM) in combination with maximal intended 
velocity. MST involves both principles, this could explain 
why the patients in the current study exhibited an increase 
in early phase RFD. In contrast, other studies, where this is 
not observed, a somewhat lower training resistance with-
out instructions to aim for maximal acceleration has been 
applied (Narici et al. 1996; Erskine et al. 2014). The increase 
in early and late phase RFD observed following MST in 
the current study may have important implications for the 
patients’ daily physical function and fall prevention (Unhjem 
et al. 2019), with the early phase RFD indicated to be par-
ticularly relevant for very rapid movements (Andersen and 
Aagaard 2006).

Inflammatory rheumatic disease, MST, 
and health‑related quality of life

Importantly, following MST in the present study, the 
increased force generating capacity in the lower extremi-
ties resulted in an elevated quality of life. RFD and 1RM 
both exhibited a strong association with the patients´ 
reported physical function, with correlations of rho = 0.71 
and rho = 0.55 (Fig. 3), respectively. Recognizing that 
physical function has multifactorial causes, an increase 
in force generating capacity appears to be one of the fac-
tors that may contribute to improved self-perceived physi-
cal functioning in patients with IRD. There are several 
possible everyday scenarios that could explain why the 
patients in the present study perceived their physical func-
tion as improved. First, the relative load of everyday tasks 
and locomotion would be reduced when force generat-
ing capacity is increased, resulting in the experience of 
a lower taxing of the individual’s capacity in activities of 
daily living. Indeed, this may be especially germane dur-
ing more force-dependent daily tasks. As demonstrated 
by the association of chair rising, and stair climbing to 
force generating capacity (Unhjem et al. 2019). Second, 
MST has previously been documented to improve skeletal 
muscle work efficiency, consequently reducing the oxy-
gen cost of locomotion (Barrett-O'Keefe et al. 2012; Berg 
et al. 2018). It is likely that MST also increased lower 

extremities muscle efficiency in the present study, and that 
this may have contributed to the patients´ perception of 
elevated physical function when walking. Third, the MST 
experience, applying very heavy resistance, may also have 
made patients realize that, despite their disease, it is pos-
sible to perform at a near maximal level without worsening 
their medical condition.

Interestingly, RFD exhibited an even stronger correlation 
with physical function than 1RM in the current study. This 
finding underpins the assumption that RFD may be more 
relevant for physical function than maximal muscle strength 
(Aagaard et al. 2002; Maffiuletti et al. 2016). As it takes 
300 ms or more (Thorstensson et al. 1976) to reach maximal 
strength, there are many movement types and accelerations 
that the patients may experience throughout the day, where 
time is not sufficient to reach maximal strength. Unless 
patients are highly untrained it is likely few (if any) everyday 
tasks that require the application of maximal lower extremity 
strength. Of notice, MST also resulted in an improvement 
of the patients´ self-perceived general health and vitality, 
although these observations were not different from the CG. 
This is in agreement with existing literature indicating the 
benefits of strength training for physical function and dis-
ability (Baillet et al. 2012), while endurance training alone 
or in combination with strength training appear to be more 
advantageous for improving pain and vitality (Sveaas et al. 
2017). However, the improvements in vitality and general 
health in this study taken together with the elevated per-
ception of physical function strengthen the assumption with 
which we can assume that the patients´ overall HRQoL was 
improved following MST.

MST and clinical implications

Patients with IRD have attenuated muscle strength and phys-
ical function. The current study documents that MST is a 
potent, time efficient countermeasure to the muscle strength 
reductions. Moreover, the ability to develop force rapidly is 
improved, which may be especially relevant, since intrinsic 
muscle dysfunction has been documented to play an impor-
tant role in the underlying mechanism of muscle weakness in 
patients with RA (Yamada et al. 2017). MST has also been 
documented to increase fast twitch muscle fiber area and 
percentage in older adults (Wang et al. 2017). Thus, based 
on the current study and previous literature, MST can be rec-
ommended as a safe training modality which targets neural 
as well as muscular factors and results in improvements in 
functional performance. Previous studies have also shown 
that leg press MST may be safely performed in other frail 
or challenged patient populations, e.g., elderly osteoporotic 
women (Mosti et al. 2013) or breast cancer patients undergo-
ing chemotherapy (CeŠeiko et al. 2020).
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Study limitations

A larger number of participants and longer intervention 
period is often sought after in clinical studies. However, as 
estimated by the power calculation and demonstrated by the 
results, the intervention duration and number of participants 
were sufficient to achieve significant difference in the pri-
mary outcome measures of muscle strength. A somewhat 
skewed sex distribution, in favor of females, also occurred 
in our study. This is not uncommon and may be linked to 
women being more willing and proactive in choosing health 
promoting activities (Karstensen et al. 2021; Vervloesem 
et al. 2012; von Bothmer and Fridlund 2005). Thus, recruit-
ment targeting men may be considered in future studies. In 
addition, more specific measures of disease activity (e.g., 
disease specific scores, C-reactive protein, or other bio-
logical markers of inflammation) could have added further 
insights to the feasibility and impact of MST on disease spe-
cific outcomes. Advances in pharmacological treatment, and 
consequently lower symptom burden, may also have con-
tributed to MST tolerance in the current study, and could 
have been more closely examined. Another limitation to the 
current study is the lack of direct comparison between MST 
and other types of strength training. The treatments given 
by the health care system to the CG were not systematically 
recorded. Considering individual activity routines and physi-
otherapy treatments may have varied within the CG it can-
not be concluded that MST is more effective than a specific 
alternative. However, the current design permits comparison 
of the expected effect of the treatment that is on average 
offered to patients with IRD. This is a relevant comparison 
when evaluating MST for implementation in clinical treat-
ment and rehabilitation.

Conclusions

Although MST is performed with very high intensity and 
heavy resistance, the results from the current investiga-
tion revealed that MST was feasible in patients with IRD 
and yielded similar increases in force generating capacity 
as observed in healthy individuals. Importantly, maximal 
strength, the ability to develop force rapidly and physical 
functioning was improved without increasing bodily pain. 
Herein, the early phase RFD, recognized to reflect intrinsic 
contractile muscle properties, may be of particular impor-
tance, since it is documented to be impaired in this patient 
population. In addition, the patients that performed MST 
reported enhanced self-perceived general health and vital-
ity. Our results suggest that MST should be considered a 
potent addition in future treatment and rehabilitation of the 
patient group.

Acknowledgements  The authors gratefully acknowledge the patients 
for their time and effort.

Authors' contributions  HH, JHE and JHO conceived and designed the 
experiment. HH and JHE conducted the experiment. HH, OKB and 
EW analyzed the data, interpreted results and wrote the manuscript. 
JHO and JHE provided critical inputs and contributed in writing the 
manuscript.

Funding  Open access funding provided by Molde University College 
- Specialized University in Logistics. The study was supported by the 
Norwegian Research Council (Grant number 305506). The funding 
organization had no role in design and execution of the study, in the 
collection, management, analysis, and interpretation of the data; prepa-
ration, review, or approval of the manuscript; and decision to submit 
the manuscript for publication.

Data availability  Not applicable.

Code availability  Not applicable.

Declarations 

Conflict of interest  The authors declare that they have no conflicts of 
interest regarding the publication of this paper.

Consent to participate  All participants reviewed and signed informed 
consents before participating in the study.

Consent for publication  All participants reviewed and signed informed 
consents that their data be published anonymously.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Aagaard P, Simonsen EB, Andersen JL, Magnusson P, Dyhre-Poulsen 
P (2002) Increased rate of force development and neural drive 
of human skeletal muscle following resistance training. J Appl 
Physiol (1985) 93(4):1318–1326. https://​doi.​org/​10.​1152/​jappl​
physi​ol.​00283.​2002

Andersen LL, Aagaard P (2006) Influence of maximal muscle strength 
and intrinsic muscle contractile properties on contractile rate of 
force development. Eur J Appl Physiol 96(1):46–52. https://​doi.​
org/​10.​1007/​s00421-​005-​0070-z

Andersen LL, Andersen JL, Zebis MK, Aagaard P (2010) Early and 
late rate of force development: differential adaptive responses 
to resistance training? Scand J Med Sci Sports 20(1):e162-169. 
https://​doi.​org/​10.​1111/j.​1600-​0838.​2009.​00933.x

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1152/japplphysiol.00283.2002
https://doi.org/10.1152/japplphysiol.00283.2002
https://doi.org/10.1007/s00421-005-0070-z
https://doi.org/10.1007/s00421-005-0070-z
https://doi.org/10.1111/j.1600-0838.2009.00933.x


1680	 European Journal of Applied Physiology (2022) 122:1671–1681

1 3

Andrews JS, Trupin L, Schmajuk G, Barton J, Margaretten M, Yazdany 
J, Yelin EH, Katz PP (2015) Muscle strength, muscle mass, and 
physical disability in women with systemic lupus erythematosus. 
Arthritis Care Res (hoboken) 67(1):120–127. https://​doi.​org/​10.​
1002/​acr.​22399

Baillet A, Vaillant M, Guinot M, Juvin R, Gaudin P (2012) Efficacy of 
resistance exercises in rheumatoid arthritis: meta-analysis of ran-
domized controlled trials. Rheumatology (oxford) 51(3):519–527. 
https://​doi.​org/​10.​1093/​rheum​atolo​gy/​ker330

Balsamo S, da Mota LM, de Carvalho JF, Nascimento Dda C, Tibana 
RA, de Santana FS, Moreno RL, Gualano B, dos Santos-Neto L 
(2013) Low dynamic muscle strength and its associations with 
fatigue, functional performance, and quality of life in premeno-
pausal patients with systemic lupus erythematosus and low dis-
ease activity: a case-control study. BMC Musculoskelet Disord 
14:263. https://​doi.​org/​10.​1186/​1471-​2474-​14-​263

Barrett-O’Keefe Z, Helgerud J, Wagner PD, Richardson RS (2012) 
Maximal strength training and increased work efficiency: con-
tribution from the trained muscle bed. J Appl Physiol (1985) 
113(12):1846–1851. https://​doi.​org/​10.​1152/​jappl​physi​ol.​
00761.​2012

Berg OK, Kwon OS, Hureau TJ, Clifton HL, Thurston T, Le Fur Y, 
Jeong EK, Amann M, Richardson RS, Trinity JD, Wang E, Layec 
G (2018) Maximal strength training increases muscle force gener-
ating capacity and the anaerobic ATP synthesis flux without alter-
ing the cost of contraction in elderly. Exp Gerontol 111:154–161. 
https://​doi.​org/​10.​1016/j.​exger.​2018.​07.​013

CeŠeiko R, Thomsen SN, Tomsone S, EglĪtis J, Vetra A, Srebnijs A, 
Timofejevs M, Purmalis E, Wang E (2020) Heavy resistance train-
ing in breast cancer patients undergoing adjuvant therapy. Med 
Sci Sports Exerc 52(6):1239–1247. https://​doi.​org/​10.​1249/​mss.​
00000​00000​002260

Cotter JA, Chaudhari AM, Jamison ST, Devor ST (2013) Knee joint 
kinetics in relation to commonly prescribed squat loads and 
depths. J Strength Cond Res 27(7):1765–1774. https://​doi.​org/​
10.​1519/​JSC.​0b013​e3182​773319

Erskine RM, Fletcher G, Folland JP (2014) The contribution of mus-
cle hypertrophy to strength changes following resistance training. 
Eur J Appl Physiol 114(6):1239–1249. https://​doi.​org/​10.​1007/​
s00421-​014-​2855-4

Fimland MS, Helgerud J, Gruber M, Leivseth G, Hoff J (2009) Func-
tional maximal strength training induces neural transfer to single-
joint tasks. Eur J Appl Physiol 107(1):21–29. https://​doi.​org/​10.​
1007/​s00421-​009-​1096-4

Fongen C, Sveaas SH, Dagfinrud H (2015) Barriers and facilitators for 
being physically active in patients with ankylosing spondylitis: a 
cross-sectional comparative study. Musculoskelet Care 13(2):76–
83. https://​doi.​org/​10.​1002/​msc.​1088

Grgic J, Lazinica B, Schoenfeld BJ, Pedisic Z (2020) Test-retest reli-
ability of the one-repetition maximum (1RM) strength assess-
ment: a systematic review. Sports Med Open 6(1):31. https://​doi.​
org/​10.​1186/​s40798-​020-​00260-z

Häkkinen A, Hannonen P, Häkkinen K (1995) Muscle strength in 
healthy people and in patients suffering from recent-onset inflam-
matory arthritis. Br J Rheumatol 34(4):355–360. https://​doi.​org/​
10.​1093/​rheum​atolo​gy/​34.4.​355

Häkkinen A, Mälkiä E, Häkkinen K, Jäppinen I, Laitinen L, Hannonen 
P (1997) Effects of detraining subsequent to strength training on 
neuromuscular function in patients with inflammatory arthritis. 
Br J Rheumatol 36(10):1075–1081. https://​doi.​org/​10.​1093/​rheum​
atolo​gy/​36.​10.​1075

Hartmann H, Wirth K, Klusemann M (2013) Analysis of the load on 
the knee joint and vertebral column with changes in squatting 
depth and weight load. Sports Med 43(10):993–1008. https://​doi.​
org/​10.​1007/​s40279-​013-​0073-6

Heggelund J, Fimland MS, Helgerud J, Hoff J (2013) Maximal strength 
training improves work economy, rate of force development and 
maximal strength more than conventional strength training. 
Eur J Appl Physiol 113(6):1565–1573. https://​doi.​org/​10.​1007/​
s00421-​013-​2586-y

Helgerud J, Karlsen T, Kim WY, Høydal KL, Støylen A, Pedersen 
H, Brix L, Ringgaard S, Kværness J, Hoff J (2011) Interval and 
strength training in CAD patients. Int J Sports Med 32(1):54–59. 
https://​doi.​org/​10.​1055/s-​0030-​12671​80

Izquierdo M, Aguado X, Gonzalez R, López JL, Häkkinen K (1999) 
Maximal and explosive force production capacity and balance 
performance in men of different ages. Eur J Appl Physiol Occup 
Physiol 79(3):260–267. https://​doi.​org/​10.​1007/​s0042​10050​504

Karstensen JK, Primdahl J, Andersson MLE, Christensen JR, Bre-
mander A (2021) Lifestyle factors in patients with rheumatoid 
arthritis-a cross-sectional study on two Scandinavian cohorts. Clin 
Rheumatol. https://​doi.​org/​10.​1007/​s10067-​021-​05905-2

Kellis E (2001) Tibiofemoral joint forces during maximal isokinetic 
eccentric and concentric efforts of the knee flexors. Clin Biomech 
(bristol, Avon) 16(3):229–236. https://​doi.​org/​10.​1016/​s0268-​
0033(00)​00084-x

Kittilsen HT, Goleva-Fjellet S, Freberg BI, Nicolaisen I, Støa EM, 
Bratland-Sanda S, Helgerud J, Wang E, Sæbø M, Støren Ø (2021) 
Responses to maximal strength training in different age and gen-
der groups. Front Physiol 12:636972. https://​doi.​org/​10.​3389/​
fphys.​2021.​636972

Kosinski M, Zhao SZ, Dedhiya S, Osterhaus JT, Ware JE Jr (2000) 
Determining minimally important changes in generic and disease-
specific health-related quality of life questionnaires in clinical tri-
als of rheumatoid arthritis. Arthritis Rheum 43(7):1478–1487. 
https://​doi.​org/​10.​1002/​1529-​0131(200007)​43:7%​3c147​8::​Aid-​
anr10%​3e3.0.​Co;2-m

Linde L, Sørensen J, Ostergaard M, Hørslev-Petersen K, Hetland 
ML (2008) Health-related quality of life: validity, reliability, 
and responsiveness of SF-36, 15D, EQ-5D [corrected] RAQoL, 
and HAQ in patients with rheumatoid arthritis. J Rheumatol 
35(8):1528–1537

Madsen OR, Egsmose C (2001) Associations of isokinetic knee exten-
sor and flexor strength with steroid use and walking ability in 
women with rheumatoid arthritis. Clin Rheumatol 20(3):207–212. 
https://​doi.​org/​10.​1007/​s1006​70170​067

Maffiuletti NA, Aagaard P, Blazevich AJ, Folland J, Tillin N, Ducha-
teau J (2016) Rate of force development: physiological and meth-
odological considerations. Eur J Appl Physiol 116(6):1091–1116. 
https://​doi.​org/​10.​1007/​s00421-​016-​3346-6

Marcora S, Casanova F, Williams E, Jones J, Elamanchi R, Lemmey 
A (2006) Preliminary evidence for cachexia in patients with 
well-established ankylosing spondylitis. Rheumatology (oxford) 
45(11):1385–1388. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​kel127

Mosti MP, Kaehler N, Stunes AK, Hoff J, Syversen U (2013) Maximal 
strength training in postmenopausal women with osteoporosis or 
osteopenia. J Strength Cond Res 27(10):2879–2886. https://​doi.​
org/​10.​1519/​JSC.​0b013​e3182​80d4e2

Narici MV, Hoppeler H, Kayser B, Landoni L, Claassen H, Gavardi C, 
Conti M, Cerretelli P (1996) Human quadriceps cross-sectional 
area, torque and neural activation during 6 months strength train-
ing. Acta Physiol Scand 157(2):175–186. https://​doi.​org/​10.​
1046/j.​1365-​201X.​1996.​48323​0000.x

Ochi A, Ohko H, Hayashi T, Osawa T, Sugiyama Y, Nakamura S, 
Ibuki S, Ichihashi N (2020) Relationship between balance recov-
ery from a forward fall and lower-limb rate of torque develop-
ment. J Mot Behav 52(1):71–78. https://​doi.​org/​10.​1080/​00222​
895.​2019.​15857​43

Perrotta FM, Lories R, Lubrano E (2021) To move or not to move: the 
paradoxical effect of physical exercise in axial spondyloarthritis. 
RMD Open. https://​doi.​org/​10.​1136/​rmdop​en-​2020-​001480

https://doi.org/10.1002/acr.22399
https://doi.org/10.1002/acr.22399
https://doi.org/10.1093/rheumatology/ker330
https://doi.org/10.1186/1471-2474-14-263
https://doi.org/10.1152/japplphysiol.00761.2012
https://doi.org/10.1152/japplphysiol.00761.2012
https://doi.org/10.1016/j.exger.2018.07.013
https://doi.org/10.1249/mss.0000000000002260
https://doi.org/10.1249/mss.0000000000002260
https://doi.org/10.1519/JSC.0b013e3182773319
https://doi.org/10.1519/JSC.0b013e3182773319
https://doi.org/10.1007/s00421-014-2855-4
https://doi.org/10.1007/s00421-014-2855-4
https://doi.org/10.1007/s00421-009-1096-4
https://doi.org/10.1007/s00421-009-1096-4
https://doi.org/10.1002/msc.1088
https://doi.org/10.1186/s40798-020-00260-z
https://doi.org/10.1186/s40798-020-00260-z
https://doi.org/10.1093/rheumatology/34.4.355
https://doi.org/10.1093/rheumatology/34.4.355
https://doi.org/10.1093/rheumatology/36.10.1075
https://doi.org/10.1093/rheumatology/36.10.1075
https://doi.org/10.1007/s40279-013-0073-6
https://doi.org/10.1007/s40279-013-0073-6
https://doi.org/10.1007/s00421-013-2586-y
https://doi.org/10.1007/s00421-013-2586-y
https://doi.org/10.1055/s-0030-1267180
https://doi.org/10.1007/s004210050504
https://doi.org/10.1007/s10067-021-05905-2
https://doi.org/10.1016/s0268-0033(00)00084-x
https://doi.org/10.1016/s0268-0033(00)00084-x
https://doi.org/10.3389/fphys.2021.636972
https://doi.org/10.3389/fphys.2021.636972
https://doi.org/10.1002/1529-0131(200007)43:7%3c1478::Aid-anr10%3e3.0.Co;2-m
https://doi.org/10.1002/1529-0131(200007)43:7%3c1478::Aid-anr10%3e3.0.Co;2-m
https://doi.org/10.1007/s100670170067
https://doi.org/10.1007/s00421-016-3346-6
https://doi.org/10.1093/rheumatology/kel127
https://doi.org/10.1519/JSC.0b013e318280d4e2
https://doi.org/10.1519/JSC.0b013e318280d4e2
https://doi.org/10.1046/j.1365-201X.1996.483230000.x
https://doi.org/10.1046/j.1365-201X.1996.483230000.x
https://doi.org/10.1080/00222895.2019.1585743
https://doi.org/10.1080/00222895.2019.1585743
https://doi.org/10.1136/rmdopen-2020-001480


1681European Journal of Applied Physiology (2022) 122:1671–1681	

1 3

Salaffi F, Di Carlo M, Carotti M, Farah S (2018) The patient-reported 
outcomes thermometer-5-item scale (5T-PROs): validation of a 
new tool for the quick assessment of overall health status in pain-
ful rheumatic diseases. Pain Res Manag 2018:3496846. https://​
doi.​org/​10.​1155/​2018/​34968​46

Samsa G, Edelman D, Rothman ML, Williams GR, Lipscomb J, 
Matchar D (1999) Determining clinically important differences in 
health status measures: a general approach with illustration to the 
health utilities index mark II. Pharmacoeconomics 15(2):141–155. 
https://​doi.​org/​10.​2165/​00019​053-​19991​5020-​00003

Schattenkirchner M (1987) Diagnostic methods for evaluation of activ-
ity in inflammatory rheumatic disease. Scand J Rheumatol Suppl 
65:63–70. https://​doi.​org/​10.​3109/​03009​74870​91021​78

Sparks JA (2019) Rheumatoid arthritis. Ann Intern Med 170(1):Itc1-
itc16. https://​doi.​org/​10.​7326/​aitc2​01901​010

Sveaas SH, Smedslund G, Hagen KB, Dagfinrud H (2017) Effect 
of cardiorespiratory and strength exercises on disease activity 
in patients with inflammatory rheumatic diseases: a systematic 
review and meta-analysis. Br J Sports Med 51(14):1065–1072. 
https://​doi.​org/​10.​1136/​bjspo​rts-​2016-​097149

Sveaas SH, Bilberg A, Berg IJ, Provan SA, Rollefstad S, Semb AG, 
Hagen KB, Johansen MW, Pedersen E, Dagfinrud H (2020) High 
intensity exercise for 3 months reduces disease activity in axial 
spondyloarthritis (axSpA): a multicentre randomised trial of 100 
patients. Br J Sports Med 54(5):292–297. https://​doi.​org/​10.​1136/​
bjspo​rts-​2018-​099943

Thorstensson A, Karlsson J, Viitasalo JH, Luhtanen P, Komi PV (1976) 
Effect of strength training on EMG of human skeletal muscle. 
Acta Physiol Scand 98(2):232–236. https://​doi.​org/​10.​1111/j.​
1748-​1716.​1976.​tb002​41.x

Tøien T, Pedersen Haglo H, Unhjem R, Hoff J, Wang E (2018) Maxi-
mal strength training: the impact of eccentric overload. J Neuro-
physiol 120(6):2868–2876. https://​doi.​org/​10.​1152/​jn.​00609.​2018

Unhjem R, Lundestad R, Fimland MS, Mosti MP, Wang E (2015) 
Strength training-induced responses in older adults: attenuation of 
descending neural drive with age. Age (dordr) 37(3):9784. https://​
doi.​org/​10.​1007/​s11357-​015-​9784-y

Unhjem R, van den Hoven LT, Nygård M, Hoff J, Wang E (2019) 
Functional performance with age: the role of long-term strength 
training. J Geriatr Phys Therapy 42(3):115–122. https://​doi.​org/​
10.​1519/​jpt.​00000​00000​000141

Veldhuijzen van Zanten JJ, Rouse PC, Hale ED, Ntoumanis N, Metsios 
GS, Duda JL, Kitas GD (2015) Perceived barriers, facilitators 

and benefits for regular physical activity and exercise in patients 
with rheumatoid arthritis: a review of the literature. Sports Med 
45(10):1401–1412. https://​doi.​org/​10.​1007/​s40279-​015-​0363-2

Vervloesem N, Van Gils N, Ovaere L, Westhovens R, Van Assche D 
(2012) Are personal characteristics associated with exercise par-
ticipation in patients with rheumatoid arthritis? A cross-sectional 
explorative survey. Musculoskelet Care 10(2):90–100. https://​doi.​
org/​10.​1002/​msc.​1003

von Bothmer MI, Fridlund B (2005) Gender differences in health habits 
and in motivation for a healthy lifestyle among Swedish university 
students. Nurs Health Sci 7(2):107–118. https://​doi.​org/​10.​1111/j.​
1442-​2018.​2005.​00227.x

Wang E, Helgerud J, Loe H, Indseth K, Kaehler N, Hoff J (2010) Maxi-
mal strength training improves walking performance in peripheral 
arterial disease patients. Scand J Med Sci Sports 20(5):764–770. 
https://​doi.​org/​10.​1111/j.​1600-​0838.​2009.​01014.x

Wang E, Næss MS, Hoff J, Albert TL, Pham Q, Richardson RS, 
Helgerud J (2014) Exercise-training-induced changes in meta-
bolic capacity with age: the role of central cardiovascular plas-
ticity. Age (dordr) 36(2):665–676. https://​doi.​org/​10.​1007/​
s11357-​013-​9596-x

Wang E, Nyberg SK, Hoff J, Zhao J, Leivseth G, Tørhaug T, Husby OS, 
Helgerud J, Richardson RS (2017) Impact of maximal strength 
training on work efficiency and muscle fiber type in the elderly: 
implications for physical function and fall prevention. Exp Geron-
tol 91:64–71. https://​doi.​org/​10.​1016/j.​exger.​2017.​02.​071

Ware JE Jr, Sherbourne CD (1992) The MOS 36-item short-form health 
survey (SF-36). I. Conceptual framework and item selection. Med 
Care 30(6):473–483

Wretenberg P, Feng Y, Lindberg F, Up A (1993) Joint moments of force 
and quadriceps muscle activity during squatting exercise. Scand J 
Med Sci Sports 3(4):244–250

Yamada T, Steinz MM, Kenne E, Lanner JT (2017) Muscle weakness 
in rheumatoid arthritis: the role of Ca(2+) and free radical sign-
aling. EBioMedicine 23:12–19. https://​doi.​org/​10.​1016/j.​ebiom.​
2017.​07.​023

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1155/2018/3496846
https://doi.org/10.1155/2018/3496846
https://doi.org/10.2165/00019053-199915020-00003
https://doi.org/10.3109/03009748709102178
https://doi.org/10.7326/aitc201901010
https://doi.org/10.1136/bjsports-2016-097149
https://doi.org/10.1136/bjsports-2018-099943
https://doi.org/10.1136/bjsports-2018-099943
https://doi.org/10.1111/j.1748-1716.1976.tb00241.x
https://doi.org/10.1111/j.1748-1716.1976.tb00241.x
https://doi.org/10.1152/jn.00609.2018
https://doi.org/10.1007/s11357-015-9784-y
https://doi.org/10.1007/s11357-015-9784-y
https://doi.org/10.1519/jpt.0000000000000141
https://doi.org/10.1519/jpt.0000000000000141
https://doi.org/10.1007/s40279-015-0363-2
https://doi.org/10.1002/msc.1003
https://doi.org/10.1002/msc.1003
https://doi.org/10.1111/j.1442-2018.2005.00227.x
https://doi.org/10.1111/j.1442-2018.2005.00227.x
https://doi.org/10.1111/j.1600-0838.2009.01014.x
https://doi.org/10.1007/s11357-013-9596-x
https://doi.org/10.1007/s11357-013-9596-x
https://doi.org/10.1016/j.exger.2017.02.071
https://doi.org/10.1016/j.ebiom.2017.07.023
https://doi.org/10.1016/j.ebiom.2017.07.023

	Maximal strength training in patients with inflammatory rheumatic disease: implications for physical function and quality of life
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Study timeline
	Maximal oxygen uptake testing procedures
	Strength testing procedures
	Health-related quality of life
	Maximal strength training
	Feasibility
	Statistical analyses

	Results
	Participant compliance and retention
	Exercise attendance and compliance
	Skeletal muscle force generating capacity
	Health-related quality of life

	Discussion
	MST, IRD, and feasibility
	Inflammatory rheumatic disease, MST, and health-related quality of life
	MST and clinical implications
	Study limitations

	Conclusions
	Acknowledgements 
	References




