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Abstract
Introduction Degenerative articular disc perforations of
the triangular Wbrocartilage (TFC) of the wrist are charac-
terized by Wbrocartilage cell loss and are often associated
with ulna-plus situations. Apoptosis has been found to play
a crucial role in Wbrocartilage cell loss, however, the molec-
ular mechanism and mediators are still poorly understood.
Aim The purpose of this study was to identify receptors to
apoptosis in degenerative disc lesions.
Patients Included in the study were 17 patients with
degenerative articular disc tears of the TFC (Palmer type
2C). Following arthroscopic debridement of the TFC, histo-
logical sections were examined to assess the presence of
apoptosis. Apoptosis was determined using TRAIL and
death receptor DR4 agonists for immunohistochemical
analyses. The number of cells positive for apoptosis was
then correlated with ulna length.

Results Cells positive for TRAIL and DR4 were found in
all specimens. The number of cells positive for TRAIL was
signiWcantly increased in specimens of patients with an
ulna positive variance (P = 0.040). However, DR4 was not
signiWcantly increased in ulna plus (P > 0.05). Both,
TRAIL and DR4 positive cells were found to be evenly
distributed throughout each specimen. There was no accu-
mulation of any type of cells in any particular zone of the
biopsies.
Conclusion This is the Wrst study that shows that TFCC
cells express TRAIL and DR4, which suggests that apopto-
sis, as well as, mechanical trauma are involved in the devel-
opment of disc perforation. The TRAIL/DR4 receptor
system is a molecular mediator of apoptosis induction in
TFC cells and therefore plays a role in cell loss in degener-
ative disc lesions.

Keywords Apoptosis · TRAIL · DR4 · TFCC · Wrist

Introduction

Ulnar impaction syndrome is thought to be due to chronic,
excessive loading of the ulno-carpal joint, which may cause
degenerative lesions of the triangular Wbrocartilage com-
plex (TFCC) [1]. The syndrome is characterized by ulnar-
sided wrist pain, reduced range of motion, and grip
strength. It has been shown that patients with ulna neutral
or ulna negative variance exhibit fewer degenerative
changes than those with ulna positive variance [2]. Equally,
the loss of tissue cellularity contributes to disc degeneration
[3]. Most importantly, recent studies have shown that apop-
tosis plays a crucial role in the occurrence of cell loss in
traumatic Palmer 1A lesions [4], as well as, degenerative
lesions of the TFC [5, 6].
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The extrinsic and/or intrinsic pathway may induce apop-
tosis. In 1995, Wiley et al. identiWed a novel TNF-related
apoptosis-inducing ligand, TRAIL (Fig. 1) [7]. TRAIL was
capable of inducing apoptosis by binding a cell-bound
apoptosis inducing receptor.

The extrinsic pathway is initiated by activation of trans-
membrane receptors of the TNF superfamily, which are
also called “death receptors”. Binding of molecules, such
as, TNF, FAS (Fibroblast Associated ligand) or TRAIL
leads to the recruitment of several molecules in the intracel-
lular “death domain” of the receptor. Most intracellular
receptors are of the FADD (Fas Associating protein with
Death Domain), and the TRADD family (TNFRSF1A-
associated via Death Domain) (Fig. 1). Via these mecha-
nisms the “death inducing signalling complex” (DISC) is
formed. This complex is able to transform caspases into
their active form. TRAIL and its death inducing receptors
(DR) are usually known to induce apoptosis in tumor cells.
Recent studies, however, were able to show that TRAIL is
also involved in apoptotic processes in degenerative Wbro-
cartilage tissue [8]. TRAIL’s inXuence on Wbrocartilage
death may be a factor in extrinsically induced apoptosis [8].

Studies on degenerative human intervertebral discs sug-
gest that the expression of TRAIL correlates with the rate
of cartilage degeneration [8, 9]. Knowledge of the particu-
lar apoptotic pathways involved in the degeneration process
will enable eVective treatment in the future.

In contrast, the intrinsic pathway is initiated mainly by
mitochondrial stress. This triggers the release of cyto-
chrome c, which together with other molecules, forms the
apoptosome cluster. Thus, caspases are activated and the
cell will undergo cell death by DNA fragmentation [10].

To date, very little is known about the ligands and their
receptors underlying apoptotic cell loss in the TFC, and

whether or not ulna length is also a causative factor [5, 6].
The purpose of this study was to identify receptors of apop-
tosis in degenerative disc lesions. Furthermore, we investi-
gated the role of ulna length by correlating it with the
number of receptor positive cells. We hypothesized that the
number of receptor positive cells is correlated with ulna
length.

Patients and methods

Patients

Our institution’s ethical committee approved the experi-
mental study design. All participating 17 patients (11
males, 6 females) were diagnosed with a Palmer type 2C
lesion during arthroscopy. From our study, we excluded
patients with lesions other than type 2C. In addition, we
excluded patients with other, additional wrist disorders,
such as: radiocarpal arthritis, previous intra-articular frac-
ture of the distal radius or carpus. A previous reconstruc-
tion of the wrist also constituted an exclusion criterium.
Prior to arthroscopy, all patients received a plain biplanar
radiographic examination. Static and dynamic ulnar vari-
ance was determined from the perpendicular to the forearm
axis at the subchondral distal edge of the sigmoid fossa on
the radius. Ulnar positive was deWned as the radius exceed-
ing the perpendicular plane by more than 0.5 mm. Ulnar
negative was deWned as the radius undercutting the perpen-
dicular plane below 0.5 mm.

Subsequently, we assigned patients to two diVerent
groups based on patient’s ulna length: one group consisted
of patients with an ulnar positive variance group A (UPV);
the other group included patients with ulnar negative or

Fig. 1 SimpliWed extrinsic 
pathway: Binding of molecules 
such as, TNF, FAS or TRAIL 
leads to the recruitment of 
several other molecules in the 
intracellular “death domain” of 
the receptor. After a “death 
inducing signalling complex” 
(DISC) is formed, it is able to 
transform caspases into their 
active form, which results 
in apoptosis
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neutral variance group B (UNV). Group A’s average ulna
length measured 2.4 § 0.3 mm (range 2.0–3.1 mm), group
B’s was 0.7 § 0.5 mm (range 0.1–1.2 mm). A degenerative
perforation located in the articular disc of the TFCC was
found in all patients. This perforation was associated with
underlying ulna head chondromalacia (n = 9). All patients
suVered from either painful ulnar grinding or exhibited a
positive fovea sign. This pain was further exacerbated when
the wrist was deviated against resistance towards the ulna.
The distal radio-ulnar joint was stable in all patients.
Table 1 details the demographics of the two groups. Three
patients were not able to recall the time of onset of their
ulno-carpal symptoms.

Prior to the arthroscopic procedures, all patients had
undergone a conservative treatment regimen consisting of a
brace worn for 1–3 weeks, and anti-inXammatory medica-
tions. Conservative treatment, however, did not yield any
improvement of the ulno-carpal symptoms in any of the
patients.

Surgical technique

The 3–4 portal was used to introduce the arthroscope
(2.4 mm) while the wrist was distended. For débridement,
the biopsy punch was introduced into the 4–5 portal, or the
6R portal. We ensured the capture of all degenerative tissue
by routinely resecting suYciently far into the disc. The
biopsy punch to be of a 3 mm diameter (Arthrex, Munich,
Germany). A shaver was employed for the débridement.
Following the procedure, the wrist was rinsed multiple
times to remove all débrided tissue. Patients then wore a
short arm cast for a period of 2 weeks.

Immunohistochemistry

The tissue was Wxed for 3 days in a 4% formalin solution,
and subsequently embedded in paraYn. Axial sections of
the specimens were prepared. Their thickness measured
3–4 �m and death receptor DR 4 were detected by use of
monoclonal antibodies to and DR 4 (Santa Cruz, Biotech-
nology, CA, USA). ParaYn sections were de-waxed in
Xem-200 and subsequently re-hydrated. No antigen

retrieval was necessary. The primary antibody dilution was
1:50 for, and 1:100 for DR 4 in 3% BSA. Secondary anti-
bodies for rabbit anti-goat were diluted 1:500 in 3% BSA
(Linaris GmbH, Wertheim, Germany). For the staining we
employed the ABC-AP Staining System (Linaris GmbH,
Wertheim, Germany) closely following manufacturer’s
protocol. All slides were counterstained with haematoxylin
and mounted under cover-slips using Aquatex.

Analysis

Three biopsies were taken of each patient’s disc. Each spec-
imen was divided into three zones. In a low magniWcation
the biopsies were examined under the microscope to deter-
mine inner, middle, and outer zones. The inner zone has
rectangular edges, while the outer zone can be character-
ized by its round edges. According to these criteria, the
biopsy was divided into three parts (Fig. 2). Each zone’s
total number of cells (hemalaun), positive for group A
(UPV) TRAIL, and group B (UNV) DR-4 were recorded by
an independent physician. While the counting was per-
formed, the microscope was being set to three high power
Welds (HPF) (100£). Then we determined the percentage of
positive cells for each marker per zone. The number of
apoptotic cells was correlated with ulna length.

Statistical analysis

For the statistical analysis the Mann–Whitney U test and
Wilcoxon test were used. Additionally, the Spearman Rank
Correlation test was used for correlating time of trauma and
frequency of apoptosis. The analyses were performed using
SPSS® V.11.0 for Windows (SPSS Inc., Chicago, USA)
and SAS 9.1 for Windows (Version 9.1; SAS Institute Inc.,
NC, USA). Statistical signiWcance was accepted at
P < 0.05.

Table 1 Patient population demographics

Group A Group B

Number of patients 10 7

Age (years) 38 § 7 41 § 4

Gender male/female 6/4 5/2

Duration of symptoms 
(months)

4.0 § 3.2 5.2 § 2.6

Ulna length (range) 
in mm

2.4 § 0.3 (2.0–3.1) 0.7 § 0.5 (0.1–1.2)

Fig. 2 Biopsy resection method: Drawing (black) of the biopsy punch
resection (R) and the division into the inner (I), middle (M), and outer
(O) zones (black arrows, Z)
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Results

TRAIL

Cells positive for TRAIL could be detected in all specimens
(Fig. 3a). In comparison with group B (UNV), group A
(UPV) exhibited a signiWcantly increased number of cells
positive for TRAIL (P = 0.04).

DR4

Cells positive for Fas-ligand were found in all specimens
(Fig. 3b). Comparing the number of positive cells between
group A (UPV) and B (UNV), no statistical diVerence
could be found (P > 0.05).

All apoptotic cells, which were positive for TRAIL and
DR4, were found to be evenly distributed throughout each
specimen. There was no accumulation of cells in any par-
ticular zone. No signiWcant diVerences could be found
between in inner, middle and outer regions of the biopsies
(P > 0.05). In addition, there was no correlation between
time of trauma, patient age or gender and the number of
apoptotic cells. The average number of apoptotic cells per
zone is detailed in Table 2.

Discussion

The study could detect TRAIL/DR4 positive cells in degen-
erative disc lesions. Unglaub et al. found that apoptosis
takes place via the extrinsic and the intrinsic apoptotic path-
ways [6]. This study suggests that TRAIL and DR4 induce
apoptosis in degenerative disc lesions. Overall, these results
indicate that apoptosis plays a major role in the develop-
ment of degenerative disc lesions, and that TRAIL is more
prevalent in patients with ulna positive variance.

Tatebe et al. could show in their study that spontaneous
repair of the central lesion of the TFCC occurred in 16 of
32 wrists (50%) following an ulnar shortening procedure
[11]. This could be conWrmed by a second-look arthros-
copy performed after the ulnar-shortening procedure. Fur-
thermore, histological examinations of the biopsy
specimens showed that regenerated tissue contained both,
Wbrous connective tissue, as well as, Wbrocartilaginous
components. These Wndings contradict the results of Bed-
nar who believed the central, avascular part of the disc to
have no healing potential [12]. Knowledge of the exact
apoptotic pathways and the mechanisms that are able to
trigger regeneration could lead to more eVective treat-
ments.

Fig. 3 The immuno-histochemical staining shows cells positive for
TRAIL (a), DR4 Receptor (b). Positive cells (red colored cytoplasma)
were distributed evenly throughout the entire specimen (original

magniWcation £200). All slides were counterstained with haematoxy-
lin (blue)

Table 2 Average number of cells positive for apoptosis detailed by zone (inner, middle, and outer zone) and group (ulna plus (A), and ulna zero
(B))

Group (A) exhibited a signiWcantly higher number of cells positive for TRAIL (P = 0.04) and DR4 (P > 0.05) in comparison to group (B). No
signiWcant diVerences were found between the diVerent zones (inner, middle, outer) (P > 0.05)

Ulna plus group (A) Ulna zero group (B) P value

Inner zone Middle zone Outer zone Inner zone Middle zone Outer zone

TRAIL 3.4 § 2.3 3.8 § 1.5 5.4 § 4.8 2.1 § 2.0 1.8 § 0.8 3.4 § 1.3 0.04

DR4 3.8 § 1.4 6.5 § 2.2 4.6 § 2.5 2.6 § 1.3 4.8 § 2.0 6.8 § 2.6 >0.05
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Unglaub et al. could show that apoptosis plays an impor-
tant role in degenerative disc lesions associated with ulna
positive variance [5, 6].

In addition, it is known that the peripheral 10–40% of
the articular disc are well-vascularized [12, 14]. Peripheral
lesions are repaired by suture due to their good vascularity
and healing potential, as shown by some studies [13, 15,
16]. However, the central portion of the TFC is avascular
[12]. We speculate that the cells of this particular part are
more vulnerable to apoptosis because of their avascular sit-
uation [12]. Because it is not standard procedure to debride
in the periphery, we could not obtain biopsies from this par-
ticular region to prove this point.

The pharmacological manipulation of apoptosis has clin-
ical relevance and is a new frontier in the development of
novel approaches to treat human diseases [17, 18]. Further-
more, an eYcient therapy approach that would directly
address and neutralize the apoptosis-inducing ligand
TRAIL might help to at least delay progression of disc
degeneration in the wrist. A comparable approach that
involves Fas ligand function perturbing antibodies has
already shown promising results in the regeneration and
functional recovery following spinal cord injuries in an ani-
mal model [19].

In animal models it was shown that intra-articular injec-
tions containing apoptosis inhibitors (Z-VAD-fmk) slow
the rate of mechanically induced chondrocyte apoptosis.
The injections were able to prevent long-term chondrocyte
apoptotic cell loss and thereby contained the progression of
cartilage degeneration [20–22].

Studies on cells of rat intervertebral discs showed that
caspase 8 inhibitors have an anti-apoptotic eVect. However,
caspase 9 inhibitors did not show this property. This sug-
gests that the extrinsic apoptotic pathway plays a role in
Wbrocartilage degeneration. TRAIL and FAS are ligands
involved in mediating the extrinsic pathway [23].

Another animal model showed that TNF-alpha inhibi-
tors have beneWcial eVects on the rate of apoptosis in
intervertebral discs. Because TRAIL is closely related
with TNF-alpha, it may have promising therapeutic rele-
vance [24].

Human cartilage cell lines also showed that it is possible
to suYciently inhibit caspase 3, while also retaining the
chondrocytic characteristics, such as extracellular matrix
production [25]. To avoid potentially toxic side-eVects, it is
desirable to know the particular apoptotic pathway leading
to the chondrocyte loss. This way, only very speciWc apop-
totic inhibitors would be employed.
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