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Chapter 6

General discussion

6.1 General discussion

Early monitoring of nerve regeneration after traumatic peripheral nerve tran-
section and subsequent surgical nerve repair poses a challenge to physicians.
Despite the refinement of surgical techniques in the last decades, final out-
come in these patients is still often suboptimal. It is known, that within 6
months after a nerve transection and repair, chances of successful recovery
are best. Thereafter, the ability of nerves to regenerate decreases steadily, due
to ongoing deterioration of the distal stump. Therefore it is of utmost impor-
tance to be informed as early as possible whether the nerve regeneration is
successful or unsuccessful, as in the latter case a re-intervention may be at-
tempted, by resecting scar tissue and performing a re-anastomosis. Physical
examination, by using Tinel’s sign, is not accurate enough for monitoring,
as it does not provide an indication on the amount of sprouting axons, and
hand function tests do not provide early information on the regeneration pro-
cess. The current gold standard for early monitoring of nerve regeneration,
electromyography, also has several disadvantages. Therefore, new, objective
methods are welcome to assist the clinician in assessing the nerve regener-
ation process and ultimately in making the decision to re-operate if nerve
regeneration fails.
MRI is a promising candidate in this respect, also as it provides the physi-
cian with a detailed anatomical view of the inside of the patient. Ideally, the
individual sprouting axons within the nerve would be visualized and quan-
tified, to assess whether sufficient numbers of axons from the proximal nerve
stump have crossed the forming scar tissue towards the distal end organs,
analogous to the currently used surface conduction electromyography. Un-
fortunately, the current MRI technology is not detailed enough to quantify
the number of bridging axons, but recently promising results were obtained
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using diffusion tensor imaging (DTI). In the future, quantifying numbers of
axons may become feasible, thus enabling very early monitoring of nerve re-
generation.
However, the mere presence of axons in the distal nerve stump does not au-
tomatically imply successful function recovery, as sensory fibers could easily
grow toward muscles, and motor neurons could take a wrong turn toward
the sensory end organs. Thus, methods with which to assess reinnervation of
the end muscles also are needed.
Analogous to needle electromyography, in which needles are inserted in end
muscles to assess (patterns of) action potentials, MRI can be used to assess the
denervated and re-innervated muscles. Previous studies have shown that
denervated muscles display different signal characteristics on T2 weighted
sequences, but especially on short tau inversion recovery (STIR) sequences,
when compared to normal muscle. This knowledge is currently used in ra-
diology to aid in the diagnosis of nerve injuries. The scope of this thesis was
to investigate whether MRI may also be used for monitoring nerve regenera-
tion, by comparing these muscle signal characteristics over time.
To be able to compare MRI signal intensities over time, first the reproducibil-
ity of the measured signals has to be determined. In Chapter 2, several fac-
tors where investigated, including signal fall-off in the z-direction, as well
as in-plane. These results showed that image non-uniformity correction is
necessary. It was shown that correction of clinical scans with scans obtained
of a homogeneous phantom yielded good results. Another factor investi-
gated, was patient positioning, as due to the extent of accompanying trauma,
in many patients, especially in the first months after trauma and subsequent
surgical repair, the affected hand often cannot not be positioned exactly in the
center of the MRI bore. It was shown that correcting the patient scans with
phantom scans obtained at corresponding positions resulted in superior im-
age non-uniformity correction when compared to correction with only one
phantom scan.
Finally, also addressed in Chapter 2, long term reproducibility of STIR sig-
nal intensities was determined, by measuring signal intensities in calibra-
tion tubes over a period of 3 years. The reproducibility found for these STIR
measurements proved similar to that found for the more commonly used T2
relaxation time measurements, while the signal change measured in STIR im-
ages in denervated muscle was higher than that reported for T2 sequences.
To be useful for detection and monitoring of denervation, STIR image inten-
sities have to be compared to a reference value. In the case of forearm trauma
with isolated ulnar or median nerve transection, the non-denervated intrinsic
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hand muscle group can be used for comparison. However, since in many pa-
tients not only the nerve itself is affected, but often also extensive soft tissue,
as well as flexor tendons and arteries in the neighborhood, it is likely that
extensive wound edema will be present. This may influence our reference
value. Therefore, in Chapter 3, the influence of wound edema on normal,
non-denervated muscle was investigated. Our results showed a significant
signal increase at first month (18%), and still remaining signal elevation of 7%
at three months after trauma. At six months or later, no influence of wound
edema was observed.
In Chapters 4 and 5, respectively, the preliminary and the full results of mea-
surements in a patient group with peripheral nerve lesions are presented,
correlated to functional outcome. It was found that in the group with good
function recovery, the maximum STIR signal intensity ratio was reached at 3
months (30% signal increase), while in patients with poor recovery, this peak
was reached at 6 months (41% signal increase). In the patients with poor func-
tion recovery, the signal remained elevated for at least 15 months after trauma
and surgical nerve repair, while in the patient group with good function re-
covery, the signal returned to normal. At 6 months and later, the groups with
good and poor recovery showed significant differences in signal intensity ra-
tio. Therefore, it seems that STIR-MRI can differentiate between denervated
and re-innervated muscles and thus can provide useful additional informa-
tion to standard needle electromyography.
These results also show, that STIR sequences can be used to depict denerva-
tion for longer than a year, while up till now, it was generally assumed that
STIR signal would decrease within a few months, due to fatty infiltration of
the denervated muscle. In the group with good function recovery, the sig-
nal returns to normal, while in the group with poor function recovery, the
signal only slightly decreases. A 50% percent signal decrease relative to the
initial increase may indicate successful nerve regeneration. However, more
research is needed, to determine the value of STIR signal intensity ratio as an
imaging biomarker for predicting functional outcome of individual patients.
Some limitations are present in the studies described above: the number of
patients examined was limited; 23 patients with a single nerve transection
and 6 patients with transection of both median and ulnar nerves. Moreover,
not every patient was scanned at all intervals. In theory, the missing values
could skew the results and influence the mean values found for the different
intervals. However, as on average 4 scans per patient were acquired, it seems
unlikely that any missing values would result in a significantly different out-
come. Also it can be seen that the signal intensities in the group with good



116 Chapter 6. General discussion

function recovery show an overall tendency to return to normal, while the
signals in the group with poor recovery show sustained elevation. Thus, it
does not seem likely that these missing values would result in a significantly
different outcome.
For this study, scans were obtained at 3-month intervals, which is rather long.
For future research, it is preferable to scan more frequently. Ideally, both
hands would be scanned simultaneously in a small RF coil. However, in our
patients with a nerve transection, due to accompanying tendon injuries, it
was not possible to place both hands in the used knee coil simultaneously,
and therefore the affected hands were scanned separately, while in Chap-
ter 3 it is shown, that wound edema may influence the reference value at
months 1 and 3 after trauma and scanning the unaffected contralateral side
is preferable. As the average distance of the nerve lesion to the wrist crease
was approximately 9 cm, most axons are expected to reach the end muscles
after at least 3 months. Therefore the influence of wound edema at the first
month seems not important. However, the measurements at 3 months after
trauma may be somewhat influenced by the wound edema, resulting in an
underestimation of the signal intensity ratio, as the reference value may be
increased by around 6%. In future research, the use of a slightly larger RF
coil could facilitate patient positioning and eliminate the need to acquire an
additional scan by scanning both hands simultaneously. This could further
improve the accuracy of the measurements. More research on this matter is
needed.
Another limitation of this study is the absence of a unequivocal algorithm to
assess hand function. As not all intrinsic hand muscles are equally important
from a clinical perspective, dividing the groups in poor and good function re-
covery, based on average muscle strength, may lead to a discrepancy between
our assessment and the clinical point of view. However, in absence of a better
strategy, the image intensity measurements in the muscles were weighed in
a similar fashion. Functional outcome may also slightly be underestimated
by examining the patients at twelve months after surgery, while it is known
that nerve regeneration can slightly improve up to 3 years after nerve repair.
As the groups with good and poor function recovery were very similar with
respect to age and lesion site, it does not seem likely that these factors will
significantly influence our results.
Finally, in theory, anatomic variants, like the Martin-Gruber and Marinacci
anastomosis, could influence the results; however, we did not observe the
presence of any relevant variants.
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6.2 Future perspectives

Future perspectives of this research include development of new techniques
to visualize the regenerating nerve itself, to automate muscle signal intensity
measurements and to further investigate prediction of functional outcome.




