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Purpose: Sport climbing may lead to tissue adaptation including finger cartilage
before apparent surface damage is detectable. The main aim was to assess
finger cartilage composition with T2 mapping in young, active climbers and to
compare the results to a non-climbers’ collective. A secondary aim was to
compare whether differences in cartilage T2 times are observed between older
vs. younger volunteers.

Methods and materials: 7 Tesla MRI of the fingers Dig.2—4 was performed using a
multi-echo spin echo sequence. Manual segmentation of 3 ROls at the metacarpal
heads, 1 ROI at the base phalanx and 1 ROI at the proximal interphalangeal joint
was performed. Included were 13 volunteers without history of trauma who are
regularly performing climbing activities as a recreational sport (>20 h/month).
These were age-matched with 10 control subjects not performing climbing
activities.

Results: Mean age was 32.4 years for the climbing group and 25.8 years for the
controls. Mean T2 values for the 5 different ROIls were 42.2 +7.8 msec for
climbers and 41.4 + 6.8 msec for non-climbers. No significant differences were
observed for T2 values between both groups. However, higher age had a
significant impact on T2 values for all assessed ROIs (higher age 44.2+9.5,
younger age 32.9+ 5.7, p=0.001).

Discussion: This study evaluated the cartilage composition of young, engaged
climbers with a T2 mapping MRI technique with the purpose to depict early
onset joint changes. No negative impact on cartilage composition due to the
sport activity was found, whereas age-related effects on the cartilage seemed to
be more prominent.
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Introduction

Climbing, as a new Olympic discipline, exposes the human body to various patterns of
musculoskeletal adaptation and may be associated with a specific risk for joint, muscle or
cartilage injuries (1, 2). The large community of professional and recreational athletes is
the reason why knowledge about this has an increasingly great medical importance (3-7).
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Injuries notably concern the upper extremity and finger joints due
to high loads during repetitive tension and compression motion
(8). This is associated with a high incidence of acute injuries,
such as finger pulley rupture, which represents the most
common climbing injury (9). Concerning joint tissue adaptation
as a response to repetitive stress and loading, cartilage alterations
and osteoarthritis (OA) development in the finger joints have
been examined in several studies but an association between
climbing activity and early OA development could not be shown
(10-13). Young top athletes may develop tissue adaptations such
as an increase in cartilage thickness and cortical thickness
(13, 14) at an early stage of their career. Studies by Pastor et al.
focussed on long-term climbing athletes performing at a high
level and investigated a possible connection between cartilage
thickness,
symptoms in follow-up studies (12, 13). Studies investigating a

and cortical osteophyte development and pain
potential impact on finger cartilage for recreational climbing
activities at an early stage are pending. However, knowledge
about the earliest cartilage changes caused by climbing would be
relevant, particularly in the early phase of an athlete’s career.
Sport behavioural adaptions with improved or gentler climbing
techniques or training methods in terms of degeneration
prevention might be possible.

High field magnetic resonance imaging (MRI), particularly
with field strengths beyond 3 Tesla, has potential for high
resolution structural imaging of the cartilage quality (15). This
has been investigated in several studies, especially for bigger
joints of the human skeleton, such as the hip, knee and ankle
(16-18). Various MRI techniques such as delayed gadolinium-
enhanced MRI (dGEMRIC) (19), diffusion weighted imaging and
T2 mapping, a composite measure of water content, collagen
content and organization (17), are available for this purpose.
7 Tesla MRI has the highest magnetic field strength approved for
routine clinical scanning. The high magnetic field strength can be
used for improvement of spatial resolution, image contrast and/
or signal to noise ratios (SNR) (20). This might be beneficial for
imaging of thin cartilage joint layers of smaller joints (15).

The aim of our study was to investigate finger cartilage quality
as characterized by T2 mapping using 7 Tesla MRI in young
climbers and to compare the results to age-matched non-
climbers. An additional research question was to analyse whether
age had an influence on the T2 time of cartilage.

Materials and methods
Study population

The study included 23 healthy volunteers (22.6-47.8 y, mean
age 30.5y, m:f=13:10), between June and October 2017.
Thirteen participants were climbers (22.6-47.8y, mean age
32.4y, m:f=7:6) and ten were non climbers (24.4-35.4 y, mean
age 25.8 y, m:f =6:4). The mean climbing level was 20 (min 16
max 25; on the IRCRA climbing scale ranging from 1 to 32), the
mean climbing career duration was 7.7 years (min 5.9 max 18.9
years), the average regular climbing time was 20.9 h/month. This
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represented an advanced recreational climber collective. Sporting
or occupational stress on the fingers was considered an exclusion
criterion for the control group. Participants were free to select
the hand to be measured. None of the individuals had a
contraindication for a 7T high field MRI. All subjects gave
written consent to participate and undergo the MRI examination,
as well as to the use of their anonymized data. The study was
approved by the institutional review board (260_15 Bc) and all
patients provided informed consent. The study followed the
declaration of Helsinki.

Imaging

All imaging was performed on a 7 Tesla MRI scanner
(MAGNETOM Healthineers,
Germany). The subjects were examined in the superman

Terra, Siemens Erlangen,
position. The hand was fixed to reduce motion artifacts. A
custom-made dedicated 1-channel transmit, 16-channel receive
wrist coil (7 Tesla wrist coil, RAPID Biomedical, Wiirzburg,
Germany) with an elliptical cross-section (78 mm x 98 mm) and
a length of 70 mm was used. For each subject/specimen, T2-
weighted multi-echo, spin-echo sequences (MESE) were acquired
in the sagittal plane. T1-, T2-, and Proton density-weighted
sequences in the axial direction, as well as three-dimensional
double-echo steady state (DESS) sequences were obtained to
visualize the finger anatomy and morphological joint changes.
The latter served for subjective anatomical correlation and had
no influence on the quantitative image analysis/region-of-interest
(ROI) measurements. Details on the applied scanning parameters
can be taken from Table 1.

Image analysis/quantitative T2 mapping

All data sets were evaluated by two researchers in consensus
regarding anatomical abnormalities/pathologies (M.B., 3 years;
T.B; 17 years of experience in musculoskeletal MRI). A ROI-
analysis was performed with dedicated Software on a DICOM
viewer (Leonardo syngo Multimo-dality Workplace VE36A;
Maplt Software, both Siemens Healthineers, Erlangen, Germany).
All ROIs were placed by the same researcher (M.B.) in consensus
with (T.B.). A freehand drawing tool was used to create ROIs
manually on the index, middle and ring finger of each individual
in the central sagittal finger slice, which suited for optimal
depiction of the metacarpophalangeal (MCP) and proximal
interphalangeal (PIP) joint cartilage. The thicker cartilage layers
of the MCP joint allowed an individual ROI placement at the
proximal and distal joint side with three different cartilage
segments defined for the MC head and with one cartilage
segment defined for the ground phalanx base. The thinner PIP
joint cartilage layers allowed a common ROI placement including
the ground phalanx head and middle phalanx base cartilage. The
ROIs were defined as following: proximal MCP joint dorsal (ROI
1), proximal MCP joint central (ROI 2), proximal MCP joint
palmar (ROI 3), distal entire MCP joint cartilage layer (ROI 4)
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TABLE 1 Details on the applied scanning parameters for 5 MRI sequences.

‘ T2 MESE T1 TSE T2 TSE PD TSE DESS
700 68 14

10.3389/fspor.2023.1248581

TR (msec) 3,030.0 17.97

TE (msec) 14.7-88.2 17 5,000 6,540 6.38

TA (min, sec) 8.31 4.46 6.32 6.32 8.55
Field of view 608 x 608 500 x 500 500 x 500 500 x 500 640 x 540
Flip angle 180° 90° 177° 177° 21°
Voxel size (mm) 02x02x2.5 02x02x1.5 02x02x1.5 02x02x1.5 0.3x0.3x0.3

and PIP joint including the entire proximal and distal cartilage
layer (ROI 5). The Maplt software enabled fully automated
parametric inline T2 mapping of the imaged cartilage. The
results of each ROI were the mean values of the T2 relaxation
times in milliseconds (msec), the standard deviation, the size of
the ROI in square centimetres (sq.cm), as well as the number of
pixels. A pixel-wise, monoexponential, non-negative least squares
(NNLS) suitability analysis was used for image fusion of the
resulting maps with the corresponding anatomic image (Figure 1).

Statistical analyses

Data collection was performed with anonymization in
Microsoft Excel. The statistical software program R (version
3.5.3., R Foundation for statistical Computing, Vienna, Austria)
was used for calculation. Mixed modelling was performed to
determine differences of T2 relaxation times in between the
different ROI groups depending on age and climbing activity.
Also, differences for gender and different joints (PIP joints vs.
DIP joints) were tested. The median age was determined as a cut
point for defining an additional group analysis depending on the
individuals’ age (<26.5y; >26.5y) dividing the study collective
and older and younger individuals. Unless stated otherwise, data
were expressed as mean * standard deviation (range). P-values
<0.05 were considered statistically significant.

Results

MRI showed normal finger joint anatomy for all individuals
without presence of any pathological or degenerative joint
alteration and without presence of any osteophytes. T2-mapping
was technically successful in all individuals and a total of 345
ROIs could be created with color-coded maps for subsequent
ROI analysis. Sixteen subjects had imaging of the right hand and
seven subjects of the left. The mean size of the ROIs was
0.04 cm* and ranged from 0.01 cm® to 0.13 cm®. Mean T2 values
for all ROIs were 42.2+7.78 msec for climbers and 41.4+
6.78 msec for non-climbers. The respective average T2 value was
442 £9.48 msec for older and 32.9+5.71 msec for younger
individuals. Further information on mean values of the T2 times
of the individual ROIs, as well as their standard deviations (SD)
are shown in Table 2 and Figure 2. Statistical analysis revealed
no significant differences for T2 values between climbers and
non-climbers. Within the MCP joints of all fingers, significant
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differences (p=0.001) were found for the different ROIs 1,2,3
and 4. The averaged T2 time of all T2 times representing the
MCP joint (ROI: 1-4) had no significant difference compared to
ROI 5, representing the PIP joint. No significant difference was
found between different genders. However, higher age had a
significant impact on T2 values for all assessed ROIs (p =0.001).

Discussion

Our study used 7 Tesla MRI T2 mapping techniques to detect
potential early cartilage changes in the fingers in a collective of
recreational young climbers. In comparison with an age-matched
group of non-climbers, no differences in cartilage quality was
found. Independent of the climbing sport, we found significant
differences in cartilage composition in regard to age. We were
able to define five distinct cartilage regions of the MCP and PIP
joints of each finger, indicating feasibility of this T2 mapping
technique for evaluating finger joint cartilage composition with
MRI.

Several studies have investigated joint tissue adaptions in finger
joints of climbers. Pastor et al. reported that the thickness of the
cartilage layer in the PIP and DIP joints will decrease whereas the
occurrence of osteophytes will increase during the career of elite
sport climbers (12, 13). However, a clear connection between
changes in the thickness of the cartilage, the development of
osteophytes and degenerative symptoms could not be shown in
their 10-year follow-up study (12, 13). In this context, it was
discussed that osteophyte development in young climbers could be
a mechanical adaptation to finger-stressing, which does not
necessarily have to be accompanied by cartilage degeneration
(12, 13). Schoffl et al. reported that one quarter of the German
youth national team climbers showed a mild form of osteoarthritis
Grade 2, however this study based on radiographic and clinical
evaluation only (14). With integration of MRI assessment, a more
comprehensive assessment on the cartilage quality may be possible
in comparison to clinical, ultrasonographic or radiographic
evaluation alone. Compositional MRI is suited to detect possible
early pre-morphologic cartilage changes with T2 realxometry
being the most widely applied technique as a surrogate parameter
of collagen content and organization and water content of
cartilage (15). Compositional imaging with finger T2 mapping was
applied clinically in a study by Renner et al. (21), who investigated
cartilage of MCP joints of patients with underlying rheumatic
disease. In their study, inflammatory activity correlated to changes
of the cartilage T2 times.
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Software analysis for T2-mapping of a finger: the freehand drawn ROIs 1-5 in the morphological (grey left image) was transferred to the colour coded T2
map (right image). ROlIs in the T2 map provide values for T2 time (Mean), standard deviation (SD), size of the individual ROls (Area), as well as the number

Our methodology differs to the aforementioned study, as a
compositional imaging technique was used with the highest
clinically approved magnetic field strength of 7 Tesla which
allowed for maximized spatial resolution and an increased
signal to noise ratio in comparison to 3.0 Tesla. Therefore, we
could perform T2 mapping analysis also for the smaller PIP
joint.

The mechanisms leading to cartilage degradation due to
repetitive strain and/or aging are assumed to contribute to a
decrease in proteoglycans and to changes of the collagen

Frontiers in Sports and Active Living

network. This subsequently yields to an increase of cartilage
permeability and water content as the earliest demonstrable
(22), typically localized and
quantified by the T2 relaxation time. In our study, a gender-

changes in cartilage damage

specific difference in T2 times could not be shown. We found
differences in T2 times for the different finger and ROI groups,
which did not show a statistically significance, in relation to
climbing sport and age using mixed modelling. In this respect,
differing T2 values for the different ROI groups of the MCP may
be interpreted as physiologic normal observation. It is possible
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TABLE 2 Mean T2 values (ms) + standard deviations of the entire study collective (n = 23), climbers (n = 13), non-climbers (n = 10), individuals <26.5y (n =
13) and individuals >26.5y (n = 12) measured for three fingers and 5 different regions of interest (ROI) in-7 T MRI.

All participitants ROI 1 ROI 2 ROI 3 ROI 4 ROI 5
Dig. 2 3504+ 1275 49.84 +17.56 35.89 £ 7.04 54.74 % 16.47 40.33£13.77
Dig. 3 31.68+10.78 44.85+12.78 37.57£7.93 46.47 +10.87 3898+ 1133
Dig. 4 28.19+8.86 47.63 +15.54 31.82+9.72 53.8+13.39 36.14 £ 10.57
Climbers
Dig. 2 34.85+9.51 55.56 +31.61 37.01 +8.24 59.15 + 14.48 43.06 + 14.49
Dig. 3 33.13+5.01 44.92+8.47 38.01 +4.45 47.74+10.93 4239+16.6
Dig. 4 29.43 +5.58 54.64 +21.81 3342+ 647 52.22+14.25 37.34+11.99
Non-Climbers
Dig. 2 46.48 £ 44.44 51.03 £17.85 3442 +4.99 59.8 +28.69 36.77 £7.01
Dig. 3 29.15+6.12 44.76 £ 8.47 37+8.63 44.83+7.77 34.54£6.31
Dig. 4 2658 £6.19 54.64 +21.81 29.75 +6.58 55.85+ 13.08 34.59 £ 6.66
<265y
Dig. 2 41.35+41.38 48.52+17.53 34.21+5.36 55.68 +27.35 34.92+7.66
Dig. 3 29.08 +5.74 42,93 +8.23 37.61+8.73 44.18 £6.56 32.28+527
Dig. 4 249 +3.62 48.83 +22.17 28.26 £ 5.55 50.82 % 14.52 33.43+6.32
>26.5y
Dig. 2 38.34 £ 8.56 59.12 +33.09 37.7283 63.53+19.83 4623 +13.43
Dig. 3 3452+ 4.1 46.95 +8.08 37.53+2.75 48.98 +11.48 46.28 +16.08
Dig. 4 31.78 £ 591 49.84 +7.99 33.82£5.56 56.83 £ 12.29 39.11+12.42
that with future technical improvements (e.g., dedicated 7.0 Tesla
8 o W Kietterer: nein (Finger 2/3/4) hand/finger receiving MRI coil), further knowledge about that
A B Kletterer: ja (Finger 2/3/4) . . . . .
may be possible in subsequent studies using a more precise

g s segmentation of the distinct cartilage layer segments also for the
PIP joint and DIP joint (analogous to MCP).

2 © 7 Tesla MRI is not commonly applied clinically, although

L 10 = regulatory approval for routine clinical use has been granted. The

&t advantages of a decreased acquisition time and higher spatial
resolution at high magnetic field strength is advantageous for

€7 visualization of small anatomical structures such as the wrist (23)
or finger joints (24).

&7 Manual segmentation of the cartilage is dependent from the
subjective judgement of each observer, which means that
measurement accuracy can vary both between different observers

g and with repeated assessment by the same observer. In addition,
manual T2 mapping takes a lot of time. Simplification could be

8 achieved by developing automated assessment or evaluation tools
with artificial intelligence algorithms, not only for 7 Tesla but

3 also for the more widespread 3.0 Tesla installations, which would
be easily accessible for follow-up studies on larger collectives.

g - However, to date manual segmentation is still considered the
gold standard technique (17).

e Regarding the prevention of cartilage degeneration in climbers,
comprehensive MRI analyses such as in our study could help to

. better understand the different stress mechanisms to finger

& cartilage segments. The influence of grip techniques such as slope

w w . . f grip or crimp grip (25, 26) on the cartilage at different cartilage

o roe ro rot roe locations could be investigated with compositional MRI techniques

FIGURE 2 as in our study. Likewise, differences between diverse climbing

Influence of climbing aﬂd age on cartilage. ROIs l.to 4 represent the disciplines (sport climbing, multi-pitch, bouldering, speed climbing)
metacarpal-phalangeal joints, ROI 5 reflects the proximal interphalangeal ) . . L. ) L.

joint. Left bar = index, middle bar = middle finger, right bar = ring finger. or different forms of training (static training, dynamic training)

First graph (A) shows the comparison between climbers (red bars) vs. would be accessible in future studies. It is not yet understood

(r;;y i)“a"?:;ir; tfgi:”y:j%)'ers(iclj:dba?:gz.éBy)e:Z”;?aarge; subjects older whether climbing related bony adaptations, such as osteophytes or

cortical thickening, are associated with cartilaginous damage in

Frontiers in Sports and Active Living 05 frontiersin.org


https://doi.org/10.3389/fspor.2023.1248581
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Bayer et al.

older athletes, or whether they are merely mechanical reactions as
discussed before (13). Further knowledge on that will be
increasingly more important with the gaining popularity of climbing.

Our study has several limitations. It is a small cross-sectional
study and therefore does not allow any conclusions to be drawn
about the changes found in the T2 times with regard to the actual
occurrence of OA. We did not correlate MRIs with ultrasound/
radiography and no analysis of the cartilage thickness was
performed. An analysis for the DIP joint was not possible due to
technical limitations, particularly owing to the coil design. The
MRIs had to be performed without the use of dedicated hand/
finger receiving coils, and as such are not yet commercially
available. Further experience with larger collectives and with
corresponding clinical classification into different degrees of
osteoarthritis is necessary, in particular to better assess the
sensitivity of the method to changes in cartilage in climbers. Such
studies also could evaluate a possible reversibility of T2 time
changes through adaption of climbing techniques and/or training
methods, especially with consideration of clinical symptoms.

At this stage, the current data support the concept that the
assessment of compositional T2 relaxation times reflects non-
specific changes in cartilage in terms of early sport and age
dependent alteration. Our study showed that T2 mapping is a
feasible method for the direct evaluation of cartilage composition
in young climbers. In our limited study collective, we did not
register early onset cartilage changes dependent to climbing sport
effects to be
prominent. T2 mapping seems appropriate as methodology to

activity, whereas age-related seemed more
depict early hydration changes and collagen fibre damage in

finger joint cartilage of larger subsequent studies.
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