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Abstract

Introduction  Although the partial excision of triangular
fibrocartilage complex (TFCC) tears appears to be a clini-
cally effective technique, little is known about the ability of
the central disc tears to heal. Unlike peripheral tears, central
tears do not have immediate access to blood supply. The
purpose of this study was to examine the incidence and dis-
tribution of blood vessels in punch biopsies of symptomatic
central TFCC tissue. In addition, the study investigated if
arthroscopic debridement can reach vascularized tissue to
enable a reparative response of the tear.

Materials and methods Thirty-two patients with symp-
tomatic central traumatic tears in the TFCC (Palmer 1A)
were included in this study. The cartilage was debrided
arthroscopically using a biopsy punch. The debrided tissue
was then examined histologically. To visualize blood ves-
sels, the histological sections were stained with CD 31 anti-
bodies. The presence/absence of blood vessels was
recorded on a qualitative level.

Results 1In six patients, five or more blood vessels (CD31
positive endothelial cells) could be detected. In eight
patients, fewer than five vessels could be found in the
periphery of the slides. In 18 patients no vessels could be
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identified. The incidence of vessels in the outer region was
higher than in the inner region of the peripheral area. There
was no correlation found between the time of trauma and
incidence of blood vessels (P > 0.05).

Conclusion Only in 43% of arthroscopic debridements of
Palmer 1A tears vascularized tissue could be reached.

Keywords TFCC - Traumatic lesion - Wrist arthroscopy -
Immunohistochemistry - Specific endothelial marker

Introduction

The triangular fibrocartilage complex (TFCC) of the wrist
acts as an important stabilizer of the distal radioulnar joint
(DRUJ) and the ulnar carpus [15, 16]. Wrist injuries are
common [1, 4-6, 8] and central traumatic injuries of the
TFCC are frequent sources of ulnar wrist pain [2]. The nor-
mal articular disc is bi-concave, with its greater concavity
on the ulnar surface [9]. Furthermore, the disc is the central,
thinnest portion of the horizontal part of the TFCC. Most
tears affect this particular part [15]. Palmer divided TFCC
injuries into two basic categories: traumatic (type I) and
degenerative (type II) [15]. Traumatic lesions are classified
depending on the location of the tear within the TFCC
(Table 1). It is generally agreed that the TFCC consists of a
fibrocartilaginous disc and surrounding fibrous structures
[3, 10-12, 17, 19-21]. The peripheral 10—40% of the articu-
lar disc are well vascularized, whereas the inner (horizon-
tal) portion is avascular. Bednar et al. suggest that tears in
the periphery of the TFCC may have sufficient blood sup-
ply to enable a reparative response and, in theory, have
some healing potential. Tears that occur in the centre of the
TFCC do not have immediate access to blood supply and
are therefore not likely to heal [2].
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Table 1 Palmer 1A classification

1A Central, isolated tear

1B Peripheral tear of the TFCC from its insertion
of the distal ulna

1C Disruption of the TFCC from the volar ulnocarpal
extrinsic ligaments

1D Avulsions of the TFCC from its radial attachment
on the sigmoid notch

Although the partial excision of TFCC tears appears to be
a clinically effective technique [7, 14], little is known about
the ability of the TFCC to heal after traumatic injuries.

However, debridement represents a challenge to the sur-
geon who has to decide to what extent the area of the TFCC
needs to be debrided. Unfortunately, no guidelines have yet
been established to help the surgeon make this decision. In
a clinical setting, it remains unknown, whether or not the
surgeon ever reaches the vascularized area of the disc when
debriding. This study investigated the incidence and distri-
bution of blood vessels in punch biopsies of symptomatic
Palmer 1A TFCC tears tissue [15]. The biopsy tissue was
obtained during arthroscopic debridement.

The objective of our study was to find out whether or not
arthroscopic debridement reaches vascularized tissue in the
periphery of the disc and, as a result, enables a reparative
response in traumatic Palmer type 1A tears.

Materials and methods
Patients

Thirty-two patients (19 men, 13 women) with a Palmer 1A
lesion were included in the study (Fig. 1). All patients had
suffered an accident, which involved a fall to the ground
with the wrist being in a pronated-hyperextended position.
All patients had a history of trauma to the wrist and com-
plained of ulnar-sided wrist pain. All patients showed, both,
a positive sign during the ulnocarpal stress test, and tender-
ness at the distal end of the ulna. Before arthroscopy, all
patients were first treated conservatively. A brace was worn
for a time of three to four weeks and antiphlogistic medica-
tion was taken. Following this conservative treatment,
patients showed no signs of improvement. In our study we
only included patients who knew when exactly the trauma to
the wrist had occurred. Patients who were unable to deter-
mine the time of trauma were excluded from the study. Fur-
ther exclusion criteria were Palmer lesions other than type
1A, patient age exceeding 40 years, a positive ulnar vari-
ance, DRUJ instability, carpal instability, and acute, carpal
bone, radius, or ulna fracture. The average age at the time of
operation was 32 + 5.7 years. Duration of symptoms before
surgical intervention averaged 8.8 4 9.7 months.
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Fig. 1 Palmer 1A tear in the triangular fibrocartilage disc with inserted
probe

Operative technique

Wrist distraction was provided by a wrist traction tower,
which maintained approximately 101lbs of distraction
throughout the procedure via finger traps placed on the
index, middle, and ring fingers. The wrist was distended
with 5-10 mL of sterile saline solution, and the arthroscope
(2.4 mm) was introduced through the 3—4 portal in accor-
dance with standard technique [22]. In order to examine the
biopsy histologically, sufficient material of the TFC central
disc needed to be excised. The biopsy punch was 3 mm in
diameter (Arthrex, Munich, Germany). All loose parts of
the disc were routinely resected without violating the pal-
mar or dorsal radioulnar ligament or the TFCC insertion at
the base of the ulnar styloid. After completion of the proce-
dure, the skin portals were closed with 4-0 nonabsorbable
sutures. A compressive dressing and forearm-based wrist
splint were applied for a duration of 2 weeks.

Immunohistochemistry

The specimens were fixed in 4% formalin for one night and
embedded in paraffin for light microscopy. Specimens were
sectioned axially into slices of 3—4 pm. After deparaffiniza-
tion, the sections were stained immunohistochemically with
antibodies for endothelial cells. Briefly, the appropriate sec-
tions were pre-treated with 0.2% pepsin (Sigma Chem.,
Deisenhofen, Germany) and subsequently incubated with
the specific monoclonal primary antibody directed against
CD 31 (DAKO, Hamburg, Germany). After several wash-
ings with buffer solution, the antigen-antibody complex was
visualized by a biotinylated secondary antibody and a
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Fig. 2 43% of punch biopsies contain blood vessels (staining with
CD31) in the periphery. Original magnification: x200 (a) and x25 (b)

streptavidine-enzyme conjugate (LSAB-technique) with
diaminobenzidine (Biogenex/DCS, Heidelberg, Germany)
[13]. All sections were then analyzed under light microscopy.

Analysis

The presence of CD31 positive endothelial cells outlining
blood vessels of different sizes was analyzed with special
attention to the histo-anatomic location within the disc.
Subsequently, the presence or absence of blood vessels was
recorded on a qualitative level.

Statistical analysis

Due to the small number of patients, the Fisher exact test
was used to analyze the correlation between the incidence
of blood vessels and the amount of time passed since
trauma. For all tests, a P value < 0.05 was considered to be
significant. Data analysis was performed using SPSS for
Windows (SPSS inc. Chicago, IL, USA).

Fig. 3 47% of punch biopsies are free of blood vessels (staining with
CD31) in the periphery. Original magnification: x200 (a) and x 100 (b)

Results

In six patients, five or more vessels (CD31 positive endo-
thelial cells) could be detected (Fig. 2). Eight patients had
fewer than five vessels in the periphery of the slides. No
vessels at all could be identified in 18 patients (Fig. 3). In
cases where blood vessels were present, they could only be
found in the outer region of the peripheral area of the
biopsy. Therefore, the incidence of blood vessels increases,
as one moves from the inner towards the outer region of the
periphery of the disc. The incidence of blood vessels and
the time passed since trauma did not correlate (P > 0.05).

Discussion
Bednar et al. [2] stated that tears of the TFCC, which occur
in the center of the disc, do not have immediate access to

blood supply, and are not likely to heal. As a consequence,
the surgeon is advised to debride the disc until vascularized
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tissue in the periphery is reached. This, however, represents
a challenge to the surgeon, as the exact area to be debrided
is unknown in a clinical setting. To date, there are no guide-
lines, which could direct the surgeon. In addition, a prob-
lem could occur, if the debridement of the tear reaches too
far into the periphery. Then, the dorsal or palmar radioulnar
ligament could be violated and the DRUJ could become
instable. However, if not enough material is debrided, parts
of the tear tissue could clamp and prevent healing. As a
result, the patient could experience persistent pain. So far,
no study has been able to show, if debridement of Palmer
1A disc lesions can reach vascularized tissue, and provide
the potential to heal. However, only one study could show
that the disc has repair potential after ulna-shorthening [18].
In this study, arthroscopic debridement was able to reach
vascularized tissue in only 43 percent of patients with
Palmer 1A tears. Fifty-seven percent of the punch biopsies
contained no vessels in the periphery. None of the histolog-
ical sections showed tissue of ligaments.

Further studies are needed to determine the correlation
between the extent of the debrided area and the clinical out-
come of Palmer 1A tears. In addition, future studies should
explore whether or not the surgeon must reach vascularized
tissue when debriding Palmer 1A tears.

References

1. AroraR, Gschwentner M, Krappinger D et al (2007) Fixation of non-
displaced scaphoid fractures: making treatment cost effective. Pro-
spective controlled trial. Arch Orthop Trauma Surg 127(1):39-46

2. Bednar MS, Arnoczky SP, Weiland AJ (1991) The microvascula-
ture of the triangular fibrocartilage complex: its clinical signifi-
cance. J Hand Surg (Am) 16(6):1101-1105

3. Chidgey LK, Dell PC, Bittar ES et al (1991) Histologic anatomy of
the triangular fibrocartilage. J Hand Surg (Am) 16(6):1084-1100

4. Dhillon SS, Kumar AJ, Sadaiyyappan V et al (2007) Anatomical
study comparing the thickness of the volar and dorsal cortex of
cadaveric adult distal radii using digital photography. Arch Orthop
Trauma Surg 127(10):975-977

5. Gruber G, Bernhardt GA, Kohler G et al (2006) Surgical treatment
of distal radius fractures with an angle fixed bar palmar plating

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

system: a single center study of 102 patients over a 2-year period.
Arch Orthop Trauma Surg 126(10):680-685

. Hove LM, Brudvik C (2008) Displaced paediatric fractures of the

distal radius. Arch Orthop Trauma Surg 128(1):55-60

. Husby T, Haugstvedt JR (2001) Long-term results after arthro-

scopic resection of lesions of the triangular fibrocartilage complex.
Scand J Plast Reconstr Surg Hand Surg 35(1):79-83

. Jungbluth P, Frangen TM, Muhr G et al (2008) A primarily over-

looked and incorrectly treated Essex-Lopresti injury: what can this
lead to? Arch Orthop Trauma Surg 128(1):89-95

. Kinninmonth AW, Chan KM (1990) A study of age-related chang-

es of the articular disc of the wrist in Hong Kong Chinese. J Hand
Surg (Br) 15(3):358-361

Mikic ZD (1978) Age changes in the triangular fibrocartilage of
the wrist joint. J Anat 126(Pt 2):367-384

Milz S, Sicking B, Sprecher CM et al (2007) An immunohisto-
chemical study of the triangular fibrocartilage complex of the
wrist: regional variations in cartilage phenotype. J Anat 211(1):1-
7

Nakamura T, Yabe Y (2000) Histological anatomy of the triangu-
lar fibrocartilage complex of the human wrist. Ann Anat
182(6):567-572

Nerlich AG, Schaaf R, Walchli B et al (2007) Temporo-spatial
distribution of blood vessels in human lumbar intervertebral discs.
Eur Spine J 16(4):547-555

Osterman AL (1990) Arthroscopic debridement of triangular
fibrocartilage complex tears. Arthroscopy 6(2):120-124

Palmer AK (1989) Triangular fibrocartilage complex lesions: a
classification. J Hand Surg (Am) 14(4):594-606

Palmer AK (1990) Triangular fibrocartilage disorders: injury pat-
terns and treatment. Arthroscopy 6(2):125-132

Palmer AK, Werner FW (1981) The triangular fibrocartilage com-
plex of the wrist-anatomy and function. J Hand Surg (Am)
6(2):153-162

Tatebe M, Horii E, Nakao E et al (2007) Repair of the triangular
fibrocartilage complex after ulnar-shortening osteotomy: second-
look arthroscopy. J Hand Surg (Am) 32(4):445-449

Unglaub F, Fellenberg J, Germann G et al (2007) Detection of
apoptotic cartilage cells in symptomatic central tears of the trian-
gular fibrocartilage. J Hand Surg (Am) 32(5):618-622

Unglaub F, Hahn P, Wolf E et al (2007) Degeneration process of
symptomatic central tears in the triangular fibrocartilage. Ann
Plast Surg 59(5):515-519

Unglaub F, Wolf MB, Thome MA, Germann G, Sauerbier M,
Reiter A (2008) Correlation of ulnar length and apoptotic cell
death in degenerative lesions of the triangular fibrocartilage.
Arthroscopy 24(3):299-304

Whipple TL, Marotta JJ, Powell JH 3rd (1986) Techniques of
wrist arthroscopy. Arthroscopy 2(4):244-252



	Incidence and distribution of blood vessels in punch biopsies of Palmer 1A disc lesions in the wrist
	Introduction
	Materials and methods
	Patients
	Operative technique
	Immunohistochemistry
	Analysis
	Statistical analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


