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INTRODUCTION 

Carpal tunnel syndrome is a common compression neuropathy 

of the median nerve in the wrist, with an incidence of 3.5 per 

1000 people[1]. It is widely accepted that forceful and 

repetitive moments contribute to the development of carpal 

tunnel syndrome[2-7]. 

 

 
Figure 1: Transverse cut at the level of the carpal tunnel. The 

flexor tendons are surrounded by SSCT. 

 

The flexor tendons within the carpal tunnel are surrounded by 

subsynovial connective tissue (SSSCT) (Figure 1). The SSCT 

consists of multiple layers of fibrous tissue, which are 

interconnected by collagenous fibers (Figure 2.) 

 

 
 Figure 2.: A.  Two SSCT layers connected by loose 

collagenous fibers (SEM, x1.10K); B. Stretching of the 

collagenous fibers after flexor tendon movement (SEM, 

x1.10K). 

 

Our aim is to define the displacement threshold that causes 

irreversible damage of human SSCT by investigating changes 

in SSCT mechanical response resulting from varying levels of 

displacement. Furthermore we want to investigate whether 

such damage is proportional to the amount of displacement, 

and whether the observed difference can be described in the 

context of the structural model of the SSCT as a multi-layered 

structure as it is currently understood. 

 

 

METHODS 

Human cadaver wrists were mounted onto a custom test 

device, with the wrist joint fixed in a neutral position. The 

flexor digitorum superficialis III (FDS III) tendon were 

exposed proximal to the carpal tunnel. Starting from an 

extended position, the excursion of the FDS III (physiological 

excursion) was measured during full digit flexion. 

 

The proximal end of the FDS III tendon was connected to a 5-

lb load cell (Transducer Techniques, Temecula CA), and the 

distal end of the FDS III, was connected to a 2.0 N weight to 

maintain tension in the tendon during testing.  Motion of the 

actuator with the specimen mounted generated relative motion 

between the tendon and carpal tunnel.  The specimens were 

tested at room temperature. 

 

The specimens were tested in a cycle consisting of excursion 

and relaxation components. During the test, the FDS III 

tendon was displaced in the proximal direction, at a speed of 2 

mm/s, until a predetermined excursion was reached. This 

displacement was maintained for 15 minutes. The tendon was 

then restored, at the same speed, to the original neutral 

position (0mm displacement). The specimen was held at this 

position for another 15 minutes. This was the end of the first 

cycle. This cycle was repeated for the same excursion.  The  

displacement amplitude was then increased for the next cycle 

and the process was repeated until the desired final excursion 

was reached. 

The amount of displacement was always relative to the 

physiological displacement. The initial displacement was 30-

60% of the physiological excursion. We continued increasing 

the displacement until the physiological excursion was 

exceeded (140%) 

 

The peak force (F), relaxation force (FP), stiffness (S), ,and 

excursion energy (E) were calculated (Figure 3). For each 

excursion level, ratios between the first and second cycles for 

each of these parameters were calculated, as were the ratios 

between the second cycle and the
 
first cycle of the subsequent 

excursion level (Figure 4). 
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Figure 3: Different characteristics of the stress-relaxation 

test were evaluated. F1 and F2, peak force of the 1
st
 and 2

nd
 

cycle. S1 and S2, The stiffness of 1
st
 and 2

nd
 cycle. E1 and E2; 

Area under the curve until T0. 

 

 
Figure 4: Test data of two excursion levels (out or eight 

total) are displayed. The force-excursion curve is shown up 

to the point of maximal excursion.  Relaxation is not shown. 

 

 

RESULTS AND DISCUSSION 

Preliminary data shows that there is a loss of energy after the 

first cycle, which is apparent even within the physiological 

excursion range, that augments as the displacement 

increases. Energy losses between the second cycle and 

subsequent cycle are minimal (Figure 5). This suggests that 

the energy loss after the first cycle can be attributed to 

possible damage to the SSCT, whereas smaller decreases 

after the
 
second cycle is probably due to the viscoelastic 

properties of the SSCT.  

We also perceived a shift in the displacement at which the 

SSCT engages between the first and second cycles, that was 

much less prominent between the second and subsequent 

cycles. This phenomenon was also observed within the 

physiological range (Figure 4). This observation could also 

differentiate damage from viscoelastic response. 

 

The stiffness ratios remained constant throughout the test 

series, confirming the model of SSCT layer recruitment 

during excursion. 

 
Figure 5: Excursion energy losses begin within the 

physiological range. Losses increase as excursion increases. 

 

 

CONCLUSIONS 

According to the preliminary data, we should be able to 

determine a displacement threshold that causes damage to 

the SSCT. The threshold appears to be within the 

physiological range of the flexor tendons. The damage to the 

SSCT seems to be proportional to the amount of 

displacement. 

The preliminary data also supports the theory of the 

multilayer SSCT. 

 

 

ACKNOWLEDGEMENTS 

This study was funded by a grant from NIH (NIAMS 

AR49823) 

 

 

REFERENCES 

1. Nordstrom, D.L., et al., Incidence of diagnosed 

carpal tunnel syndrome in a general population. 

Epidemiology. 9(3): p. 342-5, 1998. 

2. Amadio, P.C., Repetitive stress injury. J Bone Joint 

Surg Am. 83-A(1): p. 136-7; author reply 138-41, 

2001. 

3. English, C.J., et al., Relations between upper limb 

soft tissue disorders and repetitive movements at 

work. Am J Ind Med. 27(1): p. 75-90, 1995. 

4. Hadler, N.M., Arm pain in the workplace. A small 

area analysis. J Occup Med. 34(2): p. 113-9, 1992. 

5. Latko, W.A., et al., Cross-sectional study of the 

relationship between repetitive work and the 

prevalence of upper limb musculoskeletal disorders. 

Am J Ind Med. 36(2): p. 248-59, 1999. 

6. Mackinnon, S.E. and C.B. Novak, Repetitive strain 

in the workplace. J Hand Surg Am. 22(1): p. 2-18, 

1997. 

7. Saleh, S.S., et al., Epidemiology of occupational 

injuries and illnesses in a university population: a 

focus on age and gender differences. Am J Ind Med. 

39(6): p. 581-6, 2001. 

E1 E2 


