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Abstract

Objective: Modified anterior tension wiring with K-
wires and cannulated lag screws with anterior tension
wiring are currently the fixation of choice for patellar
fractures. Failure of fixation, migration of the wires,
postoperative pain and resulting revision surgery, how-
ever, are not uncommon. After preliminary biome-
chanical testing of a new fixed-angle plate system es-
pecially designed for fixation of patella fractures the
aim of this study was to evaluate the surgical and
anatomical feasibility of implanting such a plate-de-
vice at the human patella.

Methods: In six fresh unfixed female cadavers without
history of previous fractures around the knee (average
age 88.8 years) a bilateral fixed-angle plate fixation of
the patella was carried out after previous placement of
a transverse central osteotomy. Operative time, intra-
operative problems, degree of retropatellar arthritis
(following Outerbridge), quality of reduction and exis-
tence of any intraarticular screw placement have been
raised. In addition, lateral and anteroposterior radi-
ographs of all specimens were made.

Resnlts: Due to the high average age of 88.8 years no
patella showed an unimpaired retropatellar articular
surface and all were severely osteoporotic, which made
a secure fixation of the reduction forceps during
surgery difficult. The operation time averaged 49 min-
utes (range: 36-65). Although in postoperative X-rays
the fracture gap between the fragments was still visi-
ble, the analysis of the retropatellar surface showed no
residual articular step or dehiscence > 0.5 mm. Also in
a total of 24 inserted screws not one intraarticular
malposition was found. No intraoperative complica-
tions were noticed.

Conclusions: Osteosynthesis of a medial third patella
fracture with a bilateral fixed-angle plate-device is sut-
gically and anatomically feasible without difficulties.
Further studies have to depict whether the bilateral
tixed-angle plate-osteosynthesis of the patella displays
advantages over the established operative procedures.

Key words: Patella fracture; fixed-angle plate; angle-sta-
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INTRODUCTION
The patella is the largest sesamoid bone in the body

and its subcutaneous location makes it susceptible to
direct injury [1]. Only 1 % of all injuries to the human

skeleton are patella fractures. Of those, only approxi-
mately one-third requires surgical attention |2, 3]. The
aim of surgical treatment in addition to the preserva-
tion of most of the kneecap, is anatomical reduction
of the articular surface, followed by stable fixation,
restoration of the extensor mechanism and eatly mo-
bilization [4-11].

Currently, the use of modified anterior tension wire
with or without circumferential wiring is the standard
surgical treatment of patellar fractures [6, 12-14, 3,
10]. Despite several technical modifications of the an-
terior tension wiring, early fracture dislocation can be
observed in 22-30% of all cases [15, 16]. Apart from
failure of fixation, migration of the wires, postopera-
tive pain and resulting revision surgery are not uncom-
mon, making the long-term outcome in clinical studies
quite poor [4, 17,5, 7,9, 18]. Secondary postoperative
pain due to skin irritation caused by the K-wires also is
a common problem in the tension-band wiring of
patellar fractures [14, 4, 5, 9, 19, 18]. Thus, revision
surgery with K-wire removal becomes necessary in up
to 65% of cases [2, 4, 5, 9].

The development of fixed-angle plates, which are
based on the concept of an internal fixator , has led to
an improvement in the biomechanical stability of the
plate-bone interface [20, 21]. Based on this improved
stability, fixed-angle plate systems differ substantially
in their biomechanical properties from conventional
plates making their application possible even in skele-
tal segments that were previously denied of conven-
tional plating. Furthermore it has been possible to de-
velop even smaller and thinner fixed-angle plates. For
use in transverse patella fractures a 2.7 mm bilateral,
polyaxial, fixed-angle plate system (manufacturer:
Koénigsee® Allendorf, Germany) has been designed.
In a preliminary biomechanical testing until failure us-
ing a Sawbone® patella fracture model it could be
demonstrated that a bilateral, fixed-angle plate os-
teosynthesis results in significantly superior strength
and rigidity compared to modified anterior tension
wiring or cannulated lag screws with anterior tension
wiring [22].

Since the biomechanical examination was conduct-
ed on polyurethane foam patellae, the objective of this
study was to determine the technical and anatomical
feasibility of reducing and fixing a horizontal patellar
fracture with two 2.7 mm polyaxial locking plates
which are attached to the medial and lateral rim of the
patella.
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METHODS

The operations were carried out in six fresh unfixed
female cadavers of an average age of 88.8 years (range
80-96 years) provided by the Institute of Anatomy of
the Heinrich Heine University Disseldorf. In order to
ensure that none of the bones presented with patho-
logical qualities, clinical and radiological examinations
were conducted and patient histories were evaluated.
Through a longitudinal incision of 10 cm of length
above the patella, the dissection was executed down to
the anterior surface of the patella so its medial and lat-
eral margins were made visible. After identification of
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base and apex of the patella a transverse incision of
the soft tissues in the middle part of the patella was
conducted. The dissection was extended to the medial
and lateral retinaculum, as usually in dislocated trans-
verse patellar fractures it comes to a tear of the reti-
nacula. Then, using a surgical saw a transverse os-
teotomy was placed in the middle of the patella just to
the subchondral bone of the articular surface (Fig.1).
The osteotomy were completed by dissection of the
subchondral bone and articular cartilage with a chisel
(Fig. 2). Subsequently, the transverse patellar fracture
was reduced under digital control of the articular sur-
face which was made accessible via the cut through

Fig. 1. Transverse Osteotomy in the middle of the patella using a surgical saw.

Fig. 2. Completing the osteotomy through the subchondral bone and articular cartilage with a chisel.

Fig. 3. Positioning of the fixed angle plates after open reduction.

Fig. 4. Articular surface of a patella after open reduction and internal fixation with bilateral fixed-angle plates
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Fig. 5. a) Anteroposterior conventional radiograph after open reduction and internal fixation using bilateral fixed-angle plates
(four hole plate); b) Lateral conventional radiograph after open reduction and internal fixation using bilateral fixed-angle plates
(four hole plate).

the retinacula. Temporary reduction was secured with
a pointed reduction clamp, with one point placed at
the base of the patella, the other at the apex.

Then the specifically for the patella designed bilat-
eral, fixed-angle plate system (Konigsee Implants®,
Allendorf, Germany) with four respectively five lock-
ing holes, according to the given anatomy of the patel-
la, was applied. The titanium plates had a thickness of
2.7mm with polyaxial angle-stable locking options for
the osteosynthesis screws. Both locking plates were
bent semicircularly, and placed each to the medial and
lateral margin in an 80 degree angle to the anterior sur-
face of the patella. These plates have an additional
eyelet on each end allowing a mutual tensioning of the
implants in the direction of the pull of the extensor
mechanism in order to enable greater stability of the
construct. Both in the proximal and distal eyelet of
each plate a pointed reduction forceps was introduced
and by closing of the forceps both plates were tensed
longitudinally. Then, the most proximal hole of both
locking plates was filled each with a 3.5 mm locking
screw after placing the drill hole. This was followed by
inserting 3.5 mm fixed-angle screws in the most distal
plate holes. When using a 5-hole plate, 3.5 mm locking
screws were inserted into all holes except the one at
the fracture-site, so each plate was fixed to the patella
with 4 angle-stable locking screws. At the 4-hole plates

all holes were filled with 3.5 mm locking screws, as
there was a greater distance between the two inner-
most plate holes, thus none of the screws were located
at the level of the fracture. Afterwards the reduction
forceps as well as the pointed forceps placed in the
eyelets of the plates were removed (Fig. 3). Finally, the
entire patella with adherent quadriceps and patellar
tendon was excised for further analysis and the skin
was closed by suture (Fig. 4).

In addition to the demographic data of the cadaver
specimens, we recorded operative time, any intraoper-
ative problems, the degree of retropatellar arthritis
(following the Outerbridge-classification [23]), the
quality of reduction by measurement of a remaining
gap or step at the fracture site and the existence of
any intraarticular screw placement. At last, lateral and
a.p. radiographs of all specimens were made.

RESULTS

Due to the high average age of the specimens of 88.8
years (range: 80-96 years), all samples showed an ad-
vanced degree of retropatellar arthritis with an average
scale of 3.2 (range: 3-4) according to Outerbridge’s
classification [23]. Not in a single specimen a regular
retropatellar cartilage covering was found (Fig. 4). The
main problem during the performed plate fixation
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Table 1. Results after open reduction and bilateral fixed-angle plate fixation.

No.  Age Degree of arthritis Plate size Operation time  Articular step ~ Fracture dehiscence ~ Malposition of
(yrs.) (Outerbridge) (holes) (min) (mm) (mm) screws
1 96 4 4 60 <0.5 <0.5 0
2 93 3 4 45 <0.5 <0.5 0
3 89 3 5 48 <0.5 <0.5 0
4 85 3 5 36 <0.5 <0.5 0
5 80 3 5 44 <0.5 <0.5 0
6 90 3 5 65 <0.5 <0.5 0

proved to be the partially very soft bone structure that
made it difficult to securely position the reduction for-
ceps and often led to a loss of reduction when drilling,
requiring to repeat the reduction. In addition, there
were sometimes collisions of the drill with already in-
serted screws on the opposite, since occasionally the
direction of the drill hole was chosen to flat in order
to avoid an intraarticular screw positioning, even
though all patellac were thick enough to avoid colli-
sion of the screws with the drill.

Despite these problems and the relatively small fe-
male patellae always at least 3 screws crossed the frac-
ture gap. The operation time averaged 49 minutes
(range: 36-65). Although in the postoperative X-rays a
fracture gap between the fragments was still visible
(Fig. 5a and 5b), the analysis of the articular surface of
each patella showed no residual articular step or dehis-
cence > 0.5 mm. The minimal (<0.5 mm) steps or de-
hiscences observed were a result of the defect in the
bony substance after osteotomy of the patella. After
placing a centered transverse osteotomy, in all speci-
mens it was possible to attach a 2.7mm fixed-angle
plate on the lateral and medial border of the patella,
without interfering with the quadriceps or patellar ten-
don. (Fig. 3) Also, in a total of 24 inserted screws not
a single intraarticular malposition was found, although
during the implantation of the screws no fluoroscopic
control was available. (Table 1)

DiscussioN

The main function of the patella is an increase of the
potential force produced by the quadriceps muscle due
to clevation of the extensor axis out of the knee joint
[24, 25]. In order to function propetly, a patella must
be able to withstand significant axial forces. Everyday
activities increase patello-femoral pressure by a signifi-
cant factor of the body weight. Walking generates a
patello-femoral stress amounting to about half the
body weight, which increases e.g. when climbing stairs
by a factor of 3.3 and when assuming a crouching po-
sition by a factor of 7.6 of the body weight [26]. Giv-
en the fact that every internal fixation of the patella is
inevitably exposed to such high tensile forces [3], a
discussion over the appropriate fixation method was
unavoidable from the beginning,

The technique of tension wiring was first described
by Pauwels 1966 [27] and later popularized by 2 addi-
tional longitudinal parallel Kirschner wires as a modi-
fied AO tension band. [10, 7, 8] After numerous clini-
cal and biomechanical studies currently a modified

tension band wiring has been implemented as the
most commonly used technique in almost all types of
fractures. |7, 10, 14, 28, 6, 3, 2, 5, 18] Another fre-
quently used alternative, which however can only be
applied for simple central transverse fractures with
good bone quality, is the cannulated lag screw os-
teosynthesis with anterior tension band wiring. The
combination of lag screws with a tension band
promises thereby greater stability with fewer disloca-
tions and higher loads to failure than any single
method for themselves. [12, 14, 6] Both procedures
are technically demanding and have high complication
rates. In particular, the use of tension band wires of-
ten causes irritation of the soft tissues, so it has to be
removed in 30-65% of cases in another surgery. [29, 4,
9,19, 2, 15, 30, 5] Further frequently observed side ef-
fects are fractures and dislocations of the wire or wire
components. [31, 29, 5] Catalano et al. [4] reported
that in patients with tension wires metal removal was
necessary because of symptomatic wires in 65% of
cases. Gosal et al. [17] had a reoperation rate of 38%
using stainless steel wires.

Despite technical modifications of tension band
wiring early fracture dislocation may take up to 22-
30% in observed cases [15, 16]. A failure of fixation,
the migration of wires, postoperative pain and revi-
sion surgery are not uncommon and some clinical
studies have also shown that the outcome of the mod-
ified tension band in 25-42% of cases depicts only
modest results [4, 17, 5,7, 9, 18].

Hung [5] followed up 68 patients after tension band
osteosynthesis, and only 72% were subjectively satis-
fied with the results, 37% had broken implants and
15% needed a revision surgery. Bostrom [2] reported
in a sample of 422 patients of a 50-70% chance of
long-term problems after surgical treatment of a patel-
lar fracture, 37% having a degree of functional impair-
ment, and 21% requiring revision surgery. In a differ-
ent follow-up of 49 patellar fractures, a dislocation of
the fragments over 2 mm could be detected in 22% of
the fractures that were treated with a tension band
wiring [15].

In a preceding study conducted by our study group,
the X-rays of 50 patients who were treated surgically
using a modified tension band were analysed. A joint
dislocation level of less than 2 mm became apparent
in 50% of patients and a dislocation or step in the ar-
ticular surface of > 2 mm appeared in 30% of pa-
tients [16]. Although it is considered in the literature
that a dislocation or step of the fracture gap of 2 mm
does not affect the outcome after surgery of patellar
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fractures [2, 18] the anatomical reduction should be
the objective of any surgical treatment of articular
fractures in particular in the heavily loaded patello-
femoral joint [32]. Because most of the load passes
over the patellofemoral joint, post-traumatic os-
teoarthritis after patellar fracture is often seen [33].
Sorensen [34] was able to demonstrate in a 10 to 30
year follow-up period more than 45 cases of patello-
femoral osteoarthritis (70%) in 64 knees after patellar
fracture, compared to 20 cases of patellofemoral os-
teoarthritis (31%) on the uninjured opposite side. Al-
though the realistic assessment of joint injuries is dif-
ficult, many studies have shown that the best clinical
results can be expected after the best possible reduc-
tion of the fracture [2, 4, 33, 5,7, 9].

The goal of treatment is to restore the articular sur-
face of the patella and to achieve a strong quadriceps-
apparatus in order to allow for early mobilization of
the knee joint [6, 35, 4, 5, 7-10].

The development of angle-stable plate systems with
their excellent biomechanical properties brought about
implants with a significantly reduced size but superior
stability. This enhanced stability is the result of the bet-
ter anchorage of the plate construct in the bone, which
is based on the principle of internal fixation [20, 21].

The objective of developing a fixed-angle plate for
the patella was providing an osteosynthesis with in-
creased stability and lower deformation under load,
compared to the currently most frequently used meth-
ods of modified tension band or cannulated lag screws
with tension band and to prevent secondary loss of
reduction. Also, the frequent problems of wires with
irritation of the soft tissues and the subsequent re-
moval of the material should be avoided. Due to the
three-point loading of the patella with bending as well
as tensile forces occurring at the fracture site and to
prevent a deterioration of the skin by the implant, two
plates were used, each of which being applied to the
medial and lateral margin of the patella.

As part of a previously performed biomechanical
testing on polyurethane foam patellae (Sawbone®) it
could be demonstrated that the application of two
polyaxial fixed-angle plates, each of which being at-
tached to the medial and lateral border of the patella,
led to a stability twice as high (mean tensile strength:
2396 N) compared to the cannulated lag screws with
tension band (mean tensile strength: 1015 N). Com-
pared to modified tension band osteosynthesis with
Kirschner wires (mean tensile strength: 625 N) a four-
fold greater stability could be achieved [22].

In addition to the significantly higher stability, the
bilateral angle-stable patella-plate also shows signifi-
cantly lower dehiscence of the fracture gap under ten-
sile stress and a significantly higher modulus of elas-
ticity (9.01 MPa), which surpasses the cannulated lag
screws with tension band (4.98 MPa) and the modified
tension band osteosynthesis with Kirschner wires
(2.85 MPa) (p<0,01). Thus, the fixed-angle plate is by
far the most stable and most rigid construct with the
lowest loss of reduction in comparison to the other
two most commonly used methods of internal fixa-
tion of the patella [22].

Attempts have already been made to fix patellar
fractures with plates. “Basket plates” have been suc-
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cessfully used in clinical practice for fractures of the
distal pole of the patella [36]. However, these are not
angle-stable and are suitable only for distal pole frac-
tures of the patella. They are also much larger and are
located directly at the patellar tendon, so irritation of
the soft tissues could arise here. Because of their act-
ing as an internal fixator, fixed-angle plates do not lie
directly on the periosteum of the bone so the soft tis-
suc underneath the plate is not damaged by pressure.
Thereby the risk of a circulatory disorder of the patel-
la, as it may be caused by cerclage-wires [37] or a di-
rect injury to the quadriceps or patellar tendon
through the implant can possibly be reduced.

This feasibility study carried out on 6 fresh female
cadaver knees showed that despite the osteoporotic
bone of the very old body donors, the reduction of
the patellar fracture was casily possible in the conven-
tional technology, and the bilateral fixed-angle plate
osteosynthesis could be accomplished not requiring
too much time. Due to the thickness of the patella
that exists even in these elderly patients [38] the risk of
intraarticular screw placement under operational con-
ditions is considered low and did not occur once in
our series.

Not a single patella stabilized with this technique had
an articular step or dehiscence > 0.5 mm. The minimal
dehiscences observed were a result of the defect in the
bony substance after osteotomy of the patella. Despite
the relatively small female patella it was possible to
place a plate on the lateral and medial border of the
patella without stripping the quadriceps tendon or
patellar tendon. Due to the internal fixator principle the
plate must not lie directly on the bone, so the soft tis-
sue of the extensor mechanism can be spared. The
plate system presented here is certainly not suitable for
comminuted fractures of the patella, just for simple
transverse patellar fractures, which make up the majori-
ty of patellar fractures with 34 % [2].

Whether this change in principle, offers an advan-
tage under clinical conditions compared to the estab-
lished procedures - modified tension band or cannu-
lated lag screw with tension band wire - must be
shown in further clinical studies.

REFERENCES

1. Koval KJ, Kim, YH. Patella fractures. Evaluation and
treatment. Am | Knee Surg. 1997; 10(2): 101-8.

2. Bostrom A. Fracture of the patella. A study of 422 patel-
lar fractures. Acta Orthop Scand Suppl. 1972; 143: 1-80.

3. Lotke PA, Ecker, ML. Transverse fractures of the patella.
Clin Orthop Relat Res. 1981; (158): 180-4.

4. Catalano JB, Iannacone, WM, Marczyk, S, Dalsey, RM,
Deutsch, LS, Born, CT, Delong, WG. Open fractures of
the patella: long-term functional outcome. ] Trauma.
1995; 39(3): 439-44.

5. Hung LK, Chan, KM, Chow, YN, Leung, PC. Fractured
patella: operative treatment using the tension band princi-
ple. Injury. 1985; 16(5): 343-7.

6. Benjamin J, Bried, J, Dohm, M, McMurtry, M. Biome-
chanical evaluation of various forms of fixation of trans-
verse patellar fractures. J Orthop Trauma. 1987; 1(3):
219-22.

7. Levack B, Flannagan, JP, Hobbs, S. Results of surgical
treatment of patellar fractures. ] Bone Joint Surg Br.
1985; 67(3): 416-9.



46

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

EUROPEAN JOURNAL OF MEDICAL RESEARCH

Mueller ME, Allgéwer, M, Schneider, R, Willenegger, H.
Manual of internal fixation: Techiques recommended by
the AO Group. Springer-Verlag, Berlin. 1992.

Torchia ME, Lewallen, DG. Open fractures of the patel-
la. J Orthop Trauma. 1996; 10(6): 403-9.

Weber MJ, Janecki, CJ, McLeod, P, Nelson, CL, Thomp-
son, JA. Efficacy of various forms of fixation of trans-
verse fractures of the patella. ] Bone Joint Surg Am. 1980;
62(2): 215-20.

Yu Z, Zheng, L, Zhang, Y, Li, J, Ma, B. Functional and
radiological evaluations of high-energy tibial plateau frac-
tures treated with double-buttress plate fixation. Eur J
Med Res. 2009; 14(5): 200-5.

Berg EE. Open reduction internal fixation of displaced
transverse patella fractures with figure-eight wiring
through parallel cannulated compression screws. J Or-
thop Trauma. 1997; 11(8): 573-6.

Burvant JG, Thomas, KA, Alexander, R, Harris, MB.
Evaluation of methods of internal fixation of transverse
patella fractures: a biomechanical study. ] Orthop Trau-
ma. 1994; 8(2): 147-53.

Carpenter JE, Kasman, RA, Patel, N, Lee, ML, Goldstein,
SA. Biomechanical evaluation of current patella fracture
fixation techniques. ] Orthop Trauma. 1997; 11(5): 351-6.
Smith ST, Cramer, KE, Karges, DE, Watson, JT, Moed,
BR. Early complications in the operative treatment of
patella fractures. ] Orthop Trauma. 1997; 11(3): 183-7.
Wild M, Khayal, T, Miersch, D, Windolf, J, Hakimi, M.
[Dynamic cerclage wiring of patellar fractures. Complica-
tions and midterm functional results]. Unfallchirurg.
2008; 111(11): 892-7.

Gosal HS, Singh, P, Field, RE. Clinical experience of
patellar fracture fixation using metal wire or non-ab-
sorbable polyester--a study of 37 cases. Injury. 2001;
32(2): 129-35.

Bostman O, Kiviluoto, O, Santavirta, S, Nirhamo, ],
Wilppula, E. Fractures of the patella treated by operation.
Arch Orthop Trauma Surg. 1983; 102(2): 78-81.

Wu CC, Tai, CL, Chen, WJ. Patellar tension band wiring:
a revised technique. Arch Orthop Trauma Surg. 2001;
121(1-2): 12-6.

Egol KA, Kubiak, EN, Fulkerson, E, Kummer, FJ, Ko-
val, KJ. Biomechanics of locked plates and screws. ] Ot-
thop Trauma. 2004; 18(8): 488-93.

Haidukewych GJ. Innovations in locking plate technolo-
gy. ] Am Acad Orthop Surg. 2004; 12(4): 205-12.

Wild M, Eichler, C, Thelen, S, Jungbluth, P, Windolf, ],
Hakimi, M. Fixed-angle plate osteosynthesis of the patella
- An alternative to tension wiring? Clin Biomech. 2010;
DOI: 10.1016/j.clinbiomech.2009.12.010.

Outerbridge RE. The etiology of chondromalacia patellae.
] Bone Joint Surg Br. 1961; 43-B: 752-7.

Perry J, Antonelli, D, Ford, W. Analysis of knee-joint
forces during flexed-knee stance. ] Bone Joint Surg Am.
1975; 57(7): 961-7.

Kaufer H. Mechanical function of the patella. ] Bone
Joint Surg Am. 1971; 53(8): 1551-60.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

January 27, 2011

Reilly DT, Martens, M. Experimental analysis of the
quadriceps muscle force and patello-femoral joint reac-
tion force for various activities. Acta Orthop Scand. 1972;
43(2): 126-37.

Pauwels F. [Surprising success with the use of a traction
binding in patellar fracture]. Langenbecks Arch Chir.
1966; 316: 221-4.

Mehdi M, Husson, JL, Polard, JL, Ouahmed, A, Poncer,
R, Lombard, J. [Treatment results of fractures of the
patella using pre-patellar tension wiring. Analysis of a se-
ries of 203 cases]. Acta Orthop Belg. 1999; 65(2): 188-96.

Nummi J. Fracture of the patella. A clinical study of 707
patellar fractures. Ann Chir Gynaecol Fenn Suppl. 1971;
179: 1-85.

Cedidi CC, Ingianni, G. Compression therapy after com-
plex soft tissue trauma, and flap coverage: optimization of
scar development, swelling, function, and aesthetic result.
Eur ] Med Res. 20006; 11(2): 85-9.

Chen Y], Wu, CC, Hsu, RW, Shih, CH. The intra-articu-
lar migration of the broken wire: a rare complication of
circumferential wiring in patellar fractures. Changgeng Yi
Xue Za Zhi. 1994; 17(3): 276-9.

Koppelmann J. [Clinical significance of the biomechanical
demand on transverse patellar fractures]. Arch Orthop
Unfallchir. 1973; 75(3): 226-38.

Edwards B, Johnell, O, Redlund-Johnell, I. Patellar frac-
tures. A 30-year follow-up. Acta Orthop Scand. 1989;
60(6): 712-4.

Sorensen KH. The Late Prognosis after Fracture of the
Patella. Acta Orthop Scand. 1964; 34: 198-212.

Carpenter JE, Kasman, R, Matthews, LS. Fractures of the
patella. Instr Course Lect. 1994; 43: 97-108.

Matejcic A, Smiljanic, B, Bekavac-Beslin, M, Ledinsky, M,
Puljiz, Z. The basket plate in the osteosynthesis of com-
minuted fractures of distal pole of the patella. Injury.
2006; 37(6): 525-30.

Scapinelli R. Blood supply of the human patella. Its rela-
tion to ischaemic necrosis after fracture. ] Bone Joint
Surg Br. 1967; 49(3): 563-70.

Gass R. The early preclinical diagnosis of osteoporosis
measuring the pure trabecular bone density. Eur | Med
Res. 2001; 6(5): 228-30.

Received: Jannary 27, 2010 | Accepted: February 8, 2010

Address for correspondence:

Dr med. Simon Thelen

Department of Trauma and Hand Surgery
Heinrich Heine University Hospital
Moorenstrasse 5

40225 Dusseldorf

Germany

Tel.:
Fax:
E-mail:

+49 (2 11) 81 04400
+49 (211) 81 04902
simon.thelen@med.uni-duesseldorf.de



	Abstract
	INTRODUCTION����������������������������������������������������
	METHODS�������������������������������������
	RESULTS�������������������������������������
	DISCUSSION����������������������������������������������
	REFERENCES����������������������������������������������



