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Summary

Background: tendon and skeletal muscle function

adapts to physical training of resistive nature, but

it is unknown to what extent persons with geneti-

cally altered connective tissue – who have a high-

er than normal tendon extensibility – will obtain

any effect upon their tendon and muscle when un-

dergoing muscle strength training. We investigat-

ed patients with classical Ehlers Danlos Syn-

drome (EDS) (collagen type V defect) who display

articular hypermobility, skin extensibility and tis-

sue fragility. 

Methods: subjects underwent strength training 3

times a week for 4 months and were tested before

and after intervention in regards to muscle

strength, tendon mechanical properties, and mus-

cle function. 

Results: three subjects completed the scheduled

48 sessions and had no major adverse events.

Mean isometric leg extension force and leg exten-

sor power both increased by 8 and 11% respec-

tively (358 to 397 N, and 117 to 123 W). The ten-

don stiffness was tested and an average increase

in response to physical training, from 1795 to

2519 N/mm was found. On average, the training

loads both in upper and lower body exercises in-

creased by around 30% over the training period.

When testing balance, the average sway-area of

the participants decreased by 26% (0.144 to 0.108

m2). On the subscale of CIS20 the participants

lowered their average subjective fatigue score

from 33 to 25. 

Conclusion: in this small pilot study, heavy resis-

tance training was both feasible and effective in

classic Ehlers Danlos patients, and the results in-

dicated that both tendon and skeletal muscle

properties can be improved also in this patient

group when they are subjected to resistance

training.

KEY WORDS: CIS20, patellar tendon, resistance

training, sway.

Introduction

In healthy individuals, heavy resistance training can

improve both skeletal muscle mass and function1 as

well as increase the stiffness of tendon structures2.

Conversely, immobilization or inactivity is associated

with a marked decline in skeletal muscle mass, mus-

cle strength and tendon stiffness in both young and

elderly individuals3-5. 

Ehlers Danlos Syndrome (EDS) is a heterogeneous

group of heritable connective tissue disorders charac-

terized by articular hypermobility, skin extensibility

and tissue fragility6. In the classical type of EDS that

comprises 50-90% of all cases7, 8, a genetic defect in

collagen type V is the most common cause9. Recently

it was found that patellar tendon stiffness was signifi-

cantly lower in classic EDS patients when compared

to a healthy control group10. Over extensibility of the

connective tissue and the accompanying joint hyper-

mobility can lead to dislocation and habitual subluxa-

tion of the joints and also cause joint instability11, 12.

Joint instability can in turn lead to severe pain, which

subsequently is associated with functional impair-

ment13. In a cross sectional study 76% of classical

EDS patients reported having pain on the McGill

Pain Questionnaire. Further, Voermans et al., 2011

showed that there is a positive relationship between

fatigue severity and muscle weakness in EDS14.  We

were therefore – not only from a basic physiological

point of view but also from a clinical perspective – in-
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terested in investigating whether strength training

would positively influence the musculo-tendinous

properties in patients with EDS. We investigated this

by subjecting a group of classic EDS patients to

heavy resistance training and determined muscle and

tendon characteristics before and after a 4 months

training period. The hypothesis was that if the pa-

tients could withstand the training it would positively

influence muscle strength and elevate tendon stiff-

ness.

Methods

Subjects

At total of 9 subjects were initially contacted and gave

informed consent to participate in the study, which

was approved by the Ethics Committee of Capital Re-

gion of Denmark (H-1-2013-044). The characteristics

of all the initial participants are shown in Table 1. The

inclusion criteria were diagnosis with the classic type

of EDS (cEDS), hypermobility type of EDS (htEDS),

or Benign Joint Hypermobility Syndrome (BJHS) by

their own physician or specialist and patients had to

be at least 18 years of age. The exclusion criteria

were severe knee problems or diagnosis with vascu-

lar type of EDS.  Participants were contacted and in-

terviewed at the facility. Four subjects were diag-

nosed with cEDS, two with htEDS and three with

BJHS. Three subjects dropped out before the begin-

ning of the training sessions. Additionally three partic-

ipants dropped out after 1-2 low-load training ses-

sions because they found the project and transporta-

tion too time demanding, and not due to any side-ef-

fects during or as a result of the training. Conse-

quently, 3 participants completed all required training

sessions. The 3 remaining participants all had geneti-

cally verified cEDS.

The participants were subjected to a test battery with

tests grouped into three test days. The participants
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completed a total of 48 training sessions, and were

tested by the same procedure as before the interven-

tion.

Training protocol

The training carried out by the participants was pro-

gressive resistance training 3 days a week on Mon-

days, Wednesdays, and Fridays ensuring 48 hours of

restitution between sessions15.

The training protocol consisted of two parts. The first

part was targeting the lower body and the second tar-

geting the upper body. The two parts were carried out

in continuation with the lower body part always being

the first. The specific exercises were: leg extension,

leg curl, leg press, resisted calf raises, chest press,

seated rows, abdominal crunch and lower back ex-

tension. Before each session, the participants started

out with 5 minutes warm-up on a stationary bike. The

intensity was self-chosen and without progression.

The upper body protocol always consisted of 4 exer-

cises, 3 sets per exercise and aimed at a mean of 10

repetitions per set. The weights were adjusted in the

same way in the lower and upper body protocol. The

weight was adjusted when the participants were able

to complete two or more extra repetitions per set on

average. In the first training session the 10 Repetition

Maximum (RM) for the calf raises and upper body ex-

ercises were estimated. This was only done to esti-

mate the load at which the participants were able to

perform the exercises properly. Before beginning the

training the participants had their strength tested in

the three main lower body exercises. A 5 RM test

was carried out and used to predict the 10 RM train-

ing load. First the 1 RM was estimated from the 5 RM

test and subsequently the 10 RM was estimated from

the 1 RM. This was done in order to use the Brzycki

formula16. A familiarization period was introduced in

the first 12 training sessions. This period introduced

the participants to the strength training ensuring cor-

Table 1. Participant characteristics.

Sex Age Diagnosis Drop out Sessions Reason

Participant 1 F 42 cEDS - 48 -

Participant 2 F 64 cEDS - 48 -

Participant 3 M 28 cEDS - 48 -

Participant 4 M 38 BJHS x 0 Did not have the time

Participant 5 F 43 cEDS x 0 Too much transport

Participant 6 F 48 BJHS x 2 Transportation

Participant 7 F 32 BJHS x 1 Did not have the time

Participant 8 F 55 htEDS x 0 Knee surgery*

Participant 9 M 22 htEDS x 1 Did not have the time

x indicates dropout. Sessions is the number of training sessions completed before dropping out.

* Participant 8 accepted a pre-examination for knee-surgery shortly after inclusion. cEDS, classic Ehlers Danlos Syndrome;

BJHS, Benign Joint Hypermobility Syndrome; htEDS, hypermobility type Ehlers Danlos Syndrome. 



rect technique before advancing to heavier loads,

thereby diminishing the risk for harmful events and

side effects associated with training. In the familiar-

ization period the participants carried out 3 sets of 10

repetitions. They began at 50% of 10 RM in the first

week, 70% in the second week, 90% in the third and

in the fourth week they reached 100% of 10 RM. The

participants carried out a total of 48 sessions follow-

ing the progression model in Table 2. If the partici-

pants skipped 1 session, 1 was added at the end, so

all participants completed the same number of ses-

sions. The weights were continuously adjusted to the

increased capabilities. If the participants reported

pain while performing any of the exercises, the load

was reduced and gradually increased to the intended

level.

Tendon mechanical properties

The mechanical properties of the patellar tendon

were tested by having the subjects do a ramped iso-

metric contraction for 10 seconds. A strain gauge

measured the developing force while an ultrasound

head, aimed at the patellar tendon, simultaneously

measured the elongation of the tendon. The ultra-

sound video and the force measures from the strain

gauge were collected synchronously on a computer.

From these data a force-elongation curve was con-

structed to estimate the stiffness of the tendon. The

pre- and post-test curves were cut at the highest

common force value to ensure that strain and stiff-

ness were compared in the same part of the curve.

The protocol for the measurement of tendon mechan-

ical properties, including the reliability, has been re-

ported previously2, 17, 18.

Isometric muscle strength

Isometric muscle strength was measured in the mus-

cle function evaluation chair (Metitur, Helsinki Fin-

land)19, 20. This chair is adjustable with a fixed dy-

namometer that can be attached to the ankle of the

participant and measure maximal isometric force pro-

duction. Patients were seated upright in the chair with

the hip flexed approximately at 90º. Seat back and

leg position was adjustable in order to evaluate mus-

cle function in the most comfortable position. The

knee of the tested limb was fixed at 60º flexion, which

is the angle of maximal isometric quadriceps force

production21. The force production was measured

with a strain gauge (linear range, 0-1961 N; sensitivi-

ty, 5.1 mV/N; Good Strength, Metitur, Jyvaskyla, Fin-

land) attached to the ankle with firm Velcro straps 2

finger breadths above the top of calcaneus. All ad-

justable positions were noted and replicated in the

post-intervention test. The participant was fixed with

a belt around the pelvis and over the thigh of the test-

ed leg. To get the feeling of the isometric contraction

participants were allowed to make a couple of test

contractions.

On a countdown from 5, participants were instructed

to contract as fast and forcefully as possible and hold

the contraction for 5 seconds. The participant carried

out at least 3 attempts and more if they improved. Be-

tween attempts the participant rested for one minute.

Before each attempt a gravity correction was carried

out. The highest force production was used for analy-

sis.

Leg extension power

Maximal leg extension power was measured using a

Nottingham Power Rig (University of Nottingham

Medical School, Model NG7 2UH, Nottingham, UK).

For extensive details on method, feasibility, reliability

and validity22. In short, Participants were seated in a

chair build like a recumbent exercise bike. At the

start, the foot of the test leg was resting on a pedal at

approximately 90º knee flexion and the rig was ad-

justed to ensure a knee angle of 15º at the final posi-

tion of maximal extension. The participants were in-

structed to push as fast and forcefully on the pedal as

possible. The participants carried out at least 3 at-

tempts and more if they improved. The participants

rested one minute between each attempt. The at-

tempt resulting in the highest power was used for

analysis.

Dynamic training strength

Dynamic training load was estimated with a 5 RM

test. This was done by starting out with a heavier

weight then what the participants could possibly lift.

Then the weight was reduced until the participants

were able to carry out 5 approved repetitions. The

Participants were allowed 2 minutes break between

each attempt. The highest weight lifted 5 times was

registered.
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Table 2. Targeted progression in the lower body protocol.

Session 1-12 13-16 17-24 25-32 33-39 40-45 46-48

Nr. of sets 3 3 4 4 5 5 3*

Repetitions 10,10,10 10,9,8 10,9,8,7 9,8,7,6 10,9,8,7,6 9,8,7,6,5 6,6,6

* In the last sessions a tapering period were carried out with the same weight but lower number of sets and reps. The taper-

ing period in the last 3 sessions were introduced to allow for the anabolic response.



Functional strength

Functional strength was estimated in a 30 second

chair stand test23, 24. The participants were asked to

start in a sitting position with arms folded across the

chest. They were allowed a few trial-stands to adjust

position of the feet to the optimal place. Participants

were asked to perform as many chair stands in 30

seconds as possible. The number of finished chair

stands was registered. 

Balance

Postural sway was measured on a force platform

(AMTI R6-1000, Watertown, MA, USA). Participant 1

and 3 completed the test on one leg and participant 2

completed the test on two legs, due to inability to

keep balance on one. The participants were instruct-

ed to stand as still as possible for 30 seconds while

looking at a fixed target 2.5 meters away. The test on

one leg was carried out with the big toe in proximity

to, but not resting on the medial malleolus. The test

on two legs was carried out with the feet close to-

gether. The force platform and the appurtenant acqui-

sition software (Matlab, Mathworks) recorded the

change in center of pressure (CoP) and thereby cal-

culated a sway area. Three consecutive trials of 10

seconds were carried out and the added data from

these 3 were used as results. 

Fatigue

Participants filled out the 20 item Checklist of Individ-

ual Strength (CIS20) fatigue questionnaire25. It con-

sists of four dimensions; subjective experience of fa-

tigue, reduction in motivation, reduction in activity and

reduction in concentration. The participants filled out

the questionnaire before the training and one week

after they finished all training sessions and strength

tests. In this way the authors hoped to detect differ-

ences in fatigue before and after the study. The total

fatigue score and the score on the subscale of sub-

jective experience of fatigue was used for further

analysis. 

Body composition

Before and after the intervention body composition

was measured with dual-energy X-ray absorptiometry

(DEXA) scanning (Lunar DPX-IQ software version 4.6

c; Lunar, Madison, WI). The subjects were placed in

the supine position, and a full body scan was per-

formed using the medium scan mode. Because only

full body measures were used, no extended research

analysis was carried out. The DEXA scanner was cal-

ibrated in the morning before each participant were

scanned using the recommended daily calibration

procedure (Lunar “Quality Assurance”).

Results

Three participants completed the training, and of the

scheduled sessions they cancelled 4 out of 52, 7 out

of 55, and 22 out of 70 respectively. Every missed

session was added to the program ensuring that all

participants completed a total of 48 session each.

Biomechanical properties

The knee extension moment was increased from 83.7

N (96.2, 32.7 and 122) before the intervention to

104.2 N (104.2, 41.4 and 167) after the intervention.

The maximum deformation measured at the highest

common force (for the individual) decreased from

2.25 mm (2.38, 2.36 and 2.0) to 1.91 mm (1.79, 2.22

and 1.71). Thereby the stiffness of the patellar tendon

on average increased from 1795 N/mm (1967, 727

and 2692) to 2519 N/mm (3342, 883 and 3333) (Tab.

3, Fig. 1).

Strength measures

Mean isometric force before the intervention was 358

N (395, 176 and 504, respectively) and after the inter-

vention 397 N (399, 178 and 614). Before the inter-

vention, leg extensor power was 117 W (87, 68 and

197) and after, it was 123 W (115, 74 and 179).

Three 5 RM tests were carried out for the lower body
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Table 3. Biomechanical properties.

Participant 1 Participant 2 Participant 3 Total

Pre Post Pre Post Pre Post Pre Post %

Knee moment (N) 96.2 104.2 32.7 41.4 122 167 83.7 104.2 23.9

Max def* (mm) 2.38 1.79 2.36 2.22 2.00 1.71 2.25 1.91 -14.9

Stiffness (N/mm) 1967 3342 727 883 2692 3333 1795 2519 38.4

% is the difference between pre and post expressed in percentage.

*Deformation: Max deformation is calculated from a common force value.



exercises and an average increase of 31% (37, 28

and 28) were observed. Increases were also detected

for the upper body exercises. Training loads for these

exercises were increased 34 % (39, 24 and 39) from

the 12th to the 48th training session (Tab. 4, Figs.2,3).

Functional parameters

In the chair rise test the participants completed 15

(15, 9 and 21) rises before and 18 (16, 10 and 29) af-

ter the intervention. In the balance test, the sway

area was 0.144 m2 (0.182, 0.070 and 0.178) before

the training and 0.108 m2 (0.093, 0.049 and 0.183)

after the training. In the CIS20 questionnaire of fa-

tigue the participants scored 68 (78, 79 and 47) in to-

tal and 33 (41, 40 and 19) on the subscale of subjec-

tive fatigue before the intervention. After the interven-

tion the participants scored 56 (60, 62 and 46) in total

and 25 (30, 25 and 19) on the subscale of subjective

fatigue (Tab. 5, Fig. 4).

Body composition

The DEXA scans showed that the participants lost a

total 2.1 kg of body weight over the training period

(+2.28, -1.99 and -6.49), of which 1.0 kg was lean

mass (+0.55, -2.62 and -0.95) and the fat percentage

did not change (Tab. 5).

Qualitative evaluation

After the intervention the 3 participants who complet-

ed the training filled out an evaluation questionnaire

in Danish (translated to English here). The questions

were: 
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Figure 1. Force is measured by the dynamometer in the setup and deformation of the patellar tendon is measured in the ul-

trasound movie. The average values of two tests are used for the second order fitted regression line. Part., Participant  



A) Did you have more or less joint pain during the

training compared to before starting the training?

(More or Less). The participants answered the fol-

lowing 1: No change 2: No change (Comment: a

lot more muscle pain during the training. The pain

disappeared when the training stopped) 3: Less.

B) Did you have more or less joint pain after the

training finished compared to before you started

the training? (more or less)  1: No change (com-

ment: Less back pain) 2: No change 3: Less.

C) Have you been more or less tired during the train-

ing period compared to before you started the

training? (more or less). All 3 participants an-

swered more.

D) Can you feel a physical change after you have

completed the training intervention? (yes or no).

All 3 participants answered yes. If yes, which? 1:

Less back pain, abdominals feels harder when

contracted. 2: A little bit longer walking distance

without crutches, better mobility and less pain in

the right shoulder. 3: More strength, more energy,

less sore, better shape

E) What do you think of training in relation to EDS?

1: Training is good! But it needs to be modified to
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Table 4. Strength measures.

Participant 1 Participant 2 Participant 3 Total

Pre/12 Post Pre/12 Post Pre/12 Post Pre/12 Post %

Isometric leg ext. 395 399 176 178 504 614 358 397 7.97 

force (N)

Leg ext. power (W) 87.0 115 68.0 74.0 197 179 117 123 10.6

5 RM legext. (Kg.) 40.0 47.0 30.0 42.0 75.0 95.0 48 61 28.1

5 RM legcurl (Kg.) 17.5 27.5 17.5 -1 35.0 45.0 23.3 301 28.61

5 RM legpress (Kg.) 110 150 110 160 220 280 147 197 36.4

Chest Press (Kg.) 10.0* 15.0* 10.0* 10.0* 40.0* 55.0* 20.0* 26.7* 29.2

Seated Rows (Kg.) 25.0* 35.0* 25.0* 27.5* 50.0* 62.5* 33.3* 41.7* 25.0

Abd. Crunch (Kg.) 27.5* 40.0* 20.0* 32.5* 45.0* 80.0* 30.8* 50.8* 61.9

Lower b. ext. (Kg.) 25.0* 30.0* 20.0* 25.0* 35.0* 60.0* 26.7* 38.3* 38.8

The 5 RM parameters are results from the 5 RM test conducted before and at the end of the study. 

* The parameters of upper body strength are the training load at which participants performed the exercises in session nr.

12 and in the last session before the tapering period. 

% is the average difference between pre/12 anal and post values for each partecipant expressed in percentage.

1: Participant 2 wasn’t able complete the post test. A post-value similar to the pre-value for participants was used for calcu-

lation of totals. Ext, extension; Abd., Abdominal; b, back.

Figure 2. Strength test: 3 5 RM tests were performed be-

fore and after the intervention. The graph shows individual

data from the leg press test. Before and after results for

each participant are connected. Part., Participant. 

Figure 3. Strength parameters: Parameters from the strength

tests are shown. The percentage differences are calculated

as averages of the individual changes for the three partici-

pants. Iso. leg ext. force, Isometric leg extension force; ext.,

extension; 5 RM, 5 Repetition Maximum



my needs. 2: Super – Should be offered to those

who are physically capable. 3: Super nice, no

doubt it has been beneficial.

F) Do you have ideas for changes or improvements?

1: Maximum twice a week. 2: Training two times a

week and slower progression would have been

better. 3: A couple of breaks of longer duration –

3 times a week can be tough.

Discussion

This pilot study demonstrated that 3 patients with ge-

netically verified classical Ehlers Danlos disease

were able to complete a program with resistance

muscle training without major side effects. All 3 train-

ing participants reported minor occasional muscu-

loskeletal or joint pain in some of the exercises. The

training facility was located on the hospital where

specialised clinicians would be able to take care of

emerging symptoms, and this unfortunately limited

some of the initial included subjects in their participa-

tion due to time consuming logistics. Although the low

number of participants does not allow for a statistical

evaluation of the outcome, it is interesting that train-

ing increased the tendon stiffness in the three individ-

uals, in accordance with findings in healthy persons

who undergo strength training2, 17. This is interesting

since it recently was demonstrated that patients with

EDS have a lower stiffness of their tendons than both

healthy and hypermobile counterparts, and suggests

that despite the genetic error, the connective tissue in

these patients is capable of adapting to physical

training. Clearly, this needs confirmation in a full

scale study. In addition to these observations, there

was only a small increase in both the muscle isomet-

ric and power measures, whereas larger increases

were observed with regards to the training load for

both upper and lower body exercises.

The balance of women with the hypermobility type

EDS has been studied and found to be impaired26,

and it is therefore interesting that the sway area was

reduced after strength training in the present study.

It has previously been shown that fatigue is a major

issue for patients suffering from EDS27, and that se-

vere fatigue occur frequently in EDS and is correlated

with pain28. A score of 76 for the full CIS20 question-

naire29 and 35 or more for the subscale of subjective

fatigue28 has been set as the cut-off point for severe

fatigue. Before the intervention participant 1 and 2

scored (78 and 41) and (79 and 40), respectively.

This categorizes both participants as severely fa-

tigued on both the total and the subscale of CIS20.

After the intervention the 2 participants scored (60

and 30) and (62 and 25), respectively. In this study,

none of the participants were any longer categorized
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Figure 4. Fatigue: CIS20 Total and subscore values before

and after the intervention are shown for each subject. The

total score is based on all 20 items and the subscore is on-

ly based on those regarding subjective fatigue. Lower

scores indicate lower general and subjective fatigue. 

Table 5. Functional parameters and body composition.

Participant 1 Participant 2 Participant 3 Total

Pre Post Pre Post Pre Post Pre Post %

Functional strength

30 s. chair rise 15.0 16.0 9.00 10.0 21.0 29.0 15.0 18.3 18.6

Balance

Sway area (m2) 0.182 0.093 0.070 0.049 0.178 0.183 0.144 0.108 -25.5

Fatigue

CIS20 total 78.0 60.0 79.0 62.0 47.0 46.0 68.0 56.0 -15.6

Subj. Fatigue* 41.0 30.0 40.0 25.0 19.0 19.0 33.3 24.7 -21.4

Bodycomposition

Total tissue (kg.) 55.9 58.2 73.5 71.5 80.7 74.2 70.0 68.0 -2.23

L. b. mass (kg.) 38.2 38.8 36.1 33.5 51.6 50.6 42.0 41.0 -2.57

Tissue fat % 31.7 33.4 50.8 53.1 36.1 31.7 39.5 39.4 -0.77

% is the average difference between pre and post expressed in percentage

* The subjective fatigue is a subscale of the CIS20 Checklist of Individual Strength containing 8 out of 20 items. Subj, Sub-

jective; L. b. mass, Lean body mass
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as severely fatigued after the end of the intervention.

On the other hand, no changes in fatigue scores were

seen in participant 3, which could be due to the lower

starting point (47 and 19). As mentioned in the intro-

duction, fatigue is correlated with muscle weakness in

EDS patients14. The explanation for the lowered fa-

tigue score in the 2 subjects could be increased mus-

cle strength, but studies will have to prove this hy-

pothesis. The authors are aware of the fact, that

symptoms and capabilities of patients with EDS are

very different. This is why resistance training is possi-

bly not an option for all patients suffering from EDS.

Furthermore, to get the best outcome for each indi-

vidual it could be optimal to tailor an individual pro-

gramme for every person to assure that problematic

joints are targeted in the most optimal way, and in

this perspective the present observations are only

case studies. 

In a recent review30, guidelines to manage symp-

toms of pain and fatigue in EDS are given. The first

two lifestyle recommendations concerning pain and

fatigue in BJHS/htEDS given by Castori et al. are

“Promote regular, aerobic fitness” and “promote fit-

ness support with strengthening, gentle stretching

and proprioception exercises”. On the other hand it is

in the same lifestyle recommendations recommended

to “avoid excessive weight lifting/carrying”. Clearly

the picture on whether to recommend or avoid heavy

resistance training is not evident.

Therefore it is crucial to perform larger controlled

studies to investigate if EDS patients have a blunted

response to resistance training compared to healthy

subjects and if this is not the case to investigate if

increased strength can benefit patients on parame-

ters such as joint stability, pain, fatigue and quality

of daily life.

Conclusion

The authors can conclude that heavy resistance train-

ing was both feasible and safe in three patients with

genetically verified connective tissue defects (classic

Ehlers Danlos Syndrome). The participants demon-

strated improved musculo-tendinous function, and

somewhat lower fatigue as a result of the training31.
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