Long-term results of the Coralline Porous
Hydroxyapatite HAP-200 as bone implant’s
biomaterial in Orthopedics and Traumatology
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RESUMEN. Se estudid una muestra de 486 pacientes implantados con Hidroxiapatita
Porosa Coralina HAP-200. con un periodo de evolucion de 1 a § afios. ¥l trabajo se
realizé en cuatro hospitales, tres de Cuba y uno de México, siguiendo un protocelo
conjunto de investigacidn que permitié unificar los criterios de inclusion, 1a indicacién
de] tratamiento, los procedimientos quirdrgicos y el seguimiento y observacion en el
postoperatorio. Se estableciéuna clasificacion por grados de I a I para la evaluacién
del dolor, 1a inflamacidn, la exposicion del material, el edemna y la sepsis, asi como
también, se tuvo en cuenta el aspecto radiografico de los implantes ¥ el estado
hematolégico general. En correspondencia con estos indicadores se asignd tarmbién
una categorizacidn al resultado cualitative final tomando en consideracién ademas, la
restauracién funcional lograda. Del total de pacientes, en el 26 % fue considerado exce-
lente el resultado final logrado, el 63 % fuebueno, 7% regular y el 4 % obtuvo la catego-
ria de mal. Por medio de los estudios radiograficos longitudinales, se observd que al
transcurrir & tiempo, ¢l biomaterial implantado comenzda difundirse v a disminuir su
densidad con tendencia a iguslarse a la del tejido 6seo circundante, con la pérdida de

*las fronteras entre el tejido ¥ el implante. Se aprecid también un efecto osteogénico
inducidoy remodelacién de 1a estructura dses en zonas alejadas del sitio de implanta-
¢idn. La duracion de este proceso depende enfre otros factores de la edad del paciente
v del tipo y magnitud de 1a lesidn, lo cual puede ser interpretado como la asimilacién
del biomaterial ¥ su incorporacién a la dindmica natural del metabolismo 6seo.

ABSTRACT. A sample of 486 patients implanted with Porous Coralline Hydroxyapatite
HAP-200 as a bone graft substitute was studied. The period of evolution was from 1 o
6 years. A protocol of clinical investigation was followed in four orthopedic hospitals
{three in Cuba and one in Mexico). It allowed standardizing the inclusion approaches,
indication of the {reatments, surgical procedures, aswell as the postoperative evaluation.
The pain, inflammation, exhibition of the material, edema and sepsis in the
postoperative period was evaluated according to a degree classification from [ to IT as
well as the radiographic aspect of the implanis and the general hematological state.
According to these indicators a categorization of the general final result was also
established keeping ity mind the achieved functionat restoration. From all of the patients,
26 % was considered excellent in the achieved result, 63 % was good, 7 % fair and 4 %
poor. The complications were minimum and in no case it was associated in a diréct_ly
way with the implant biomaterial. By means of longitudinal radiographie studies it
was observed that at the time, the implanted biomaterial begins to spread-dnd to
standardize it3 density with the surrounding bone environment, with the gradial loss
of the tissue-implants frontiers. It is also noticed an induced osteogemc effect and
remodeling of the bone structure in areas far from the implanteq site, 'I‘he time of
duration of this process depends among other factors on the patient’s, .age’and on the

type, place and magnitude of the lesion, what can be interpreted as the assimilation of
the biomaterial and its incorporation to the natural dynamics of the bone metabaclism.

INTRODUCTION

The Poroug Coralline Hy-
droxyapatite HAP-200 is a biomate-
rial for bone implants obtained from
sea corals. It has a three-dimension-
ally interconnected porous struc-
ture and similar chemical composi-
tion to that of the inorganic support
of the bone.'? In the preclinical and
clinical studies in different medical
specialties has been proved their ex-
cellent biocompatibility and capac-
ity toregenerate the darmnaged or lost
bone tissue.*® Such results are in

agreement with the international™

experience. From the point of view
of the biccompatibility, tclerance to
the human body and effectiveness
in the cure, the hydroxyapatites are
probably the best biomaterials in
this field. At present there are dif
ferent approaches about their
osteoconductor, osteoinductor char-
acter or both as wel] as their biodeg-
radation properties,™® It is predomi-
nant the tendency to classify the
hydroxyapatites in general as
osteoconductors and non-reab-
sorbaples. The clinical use of these
compounds in the last 20 years has
confirmed its effectiveness and se-
curity as a bone graft substitute.
However, most of the preclinical and
clinical studies comprise relatively
short periods of fime and it has not
been studied enough the bioactiv-
ity and biodegradation through its
long-term clinical behavior. In par-
ticilar, the rate of reabsorption of

97



98

Revista CENIC Ciencias Biol6gicas, Vol. 32, No. 2, 2001.

different types of commercial hy-
droxyapatites varies considerably
according to the experience of sev-
eral authors.*" Apparently these
characteristics are closely related to
the piace, type and magnitude of the
treated bone lesion and its also de-
pend on the nature of the own bio-
material, such as the chemical com-
position, its structures, surface ac-
tivity, morphology, cristallinity, and
others.

In this work the authors present
their experience and the main re-
sults obtained in 6 years of study of
the clinical behavior of the porous
coralline hydroxyapatite HAP-200 as
bone implant material in the or-
thopedic and traumatology spe-
cialty.

MATERIALS AND METHODS

The study shows the results ob-
tained in the clinical evaluation of
486 patients with ages between 16
and T0 years old that presented le-
sions with loss of bone substance in
the long bones and upper and lower
limbs. All patients were operated on
in four hospitals {three in Cuba and
one in Mexico) following an unified
investigaticn protocol.

The indication of the treatment
was carried out according to the es-
tablished norms for the clinical use
of this product. The treated lesions
were acquired pseudcarthrosis,
postraumatic bone defects, tumou-
rous and cystic cavities without in-
fectious process in patients that
didn’t present systemic, immuno-
logic or metabolic illnesses. All pa-
tients accepted to participate on a
voluntary basis in the study.

In all of the cases the application
of the biomaterial was carried out
following the established surgical
wprocedures for each case, trying to
cafry out a perfect curettage of the
place o implant and that the bioma-
terial was in intimate contact with
the healthy vone.

The used biomaterial was porous
coralline hydroxyapatite HAP-200in

form of gramules with nalf size from
2 to 2.5 mm for the filling of cavities
and blocks preformed with &ffeyent
dimensions for the restoratlen of
limited segments of bone.

The evaluation in the postopera-
tive one was carried out by means of
observation of the surgical place,
adopting a classification system for
degrees (I at III) for the pain, edema,
sepsis and exposure of the material
in the first 6 months. The hemato-
logical analysis included complete
hemogram with differential, eritro-

sedimentation, and determination of
calejum, phosphorous and alkaline
phosphatase. The radiographic stud-
ies were carried out in the preopera-
tive, the postoperative immediate one
and then at the 7, 15, 30, 180,360 d and
finally annual during the whole time
of study. It was also evaluated in a
qualitative way the mobility and sta-
bility of the affected area as well as
the achieved funectional restoration.
Keeping in mind these param-
eters a classification of the final re-
sult achieved was exceilent, good,
fair and poor according to the main
answer approaches (Table 1).

RESULTS

The postoperative clinical
evaluation was followed for a period
from 1 to 8 years (Table 2) at 486 im-
planted patients, 304 male and 182
female, with ages between 16 and 70
years {average of 37 years). The di-
agnoses were 160 pseudoarthrosis,
184 tumors and cysts, 26 fresh de-
fects by fractures, 66 postraumatic
segmentary defects. In 50 patients
other lesions were present, among
those sequels of previous ostectomy
that produced reduction of extremi-
ties or other defects, located in dif-
ferent places {Table 3).

In relation to the inflammation
of the surgical wound it was not rel-
evant taking into account what was
expected for a surgery. The edema
was increased in the first days of the
postoperative one and in most of the
cases it diminished gradually.
Ninety days later only 18 % pre-
sented slight ederna and in the rest
it was null. The pain was evaluated
as minimum (degree I) in 65 % of the
patients in the inmediate postopera-

tive period and in most cases it was
associated with the surgical trauma,
14 % referred slight pain (degree H)
and after 80 d only 12 % had mini-
murm pain. In general the pain was
as expected for a surgery. The infec-

Table 2. Postoperative time of evolu-

tion of implanted patients.
Time of evaluation Patients

{months)
12 149
18 108
249 37
a6 74
48 63
60 28
T2 26

TOTAL 486

Table 3. Implanted patients and place
of the lesions.

Places Patients
Clavicle 18
Humerus 68
" Radio 116
Ulna 21
Hand 11
Spine 8
Pelvig 21
Femur-hip 58
Tibia 126
Calcaneous-foot 16

Others 24 -
TOTAL 486

Table 1. Answer approaches considered for the general evaluation of the reached

final result.
Syntoms Answer approaches
Excelent Good Fair Poor
Evaluation of the final result
Pain 0 I I I
Inflammation I II IE:
Exposure of the material 0 I II III
Radiographic aspect O+ O+ O 0. 0-
Edema o I I I
Bepsig No No No Yes
Deviations
of the hematologic state Normal 1 Ju 111

Oy 1Is ahsent (1} slight, (II} moderate, (I1I) intense. Radiographic aspect (O+}
Osseomtegrauon (O} non-appreciable, (O-) No osseointegration.

» A superior classifications in the evaluation of the pain, inflammation, exposure of

the material, radiographic aspect and the hematological state determine the location
of the final result in the lower immediate category
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tions in the immediate or late post-
operative stage were presented in 8
patients, three of those evolved sat-
isfactorily after the corresponding

_antibiogram and specific treatment,
the rest {six) were considered as com-
plications {Table 4).

The hematological analysis didn't
show significant alterations of the
hemoglobin. The sedimentation rate
and the alkaline phosphatase were
increased significantly in the first
three months (above the normal val-
ues) reaching the maximum around
30 g after surgery.

The exposure or expulsion of the
biomaterial was minimum, funda-
mentally exposure of isclated par-
ticles, associated with incorrect loca-
tion or negligence in the surgicat act
and in no case it was a direct cause
of complication.

In the longitudinal radiographic
studies it was cbserved in a qualita-
tive way a perfect osseointegration
of the hydroxyapatite HAP-200. It
can be seen by the increase of the
density in the interface bone-im-
plants in the first weeks and for the
appearance of bone bridges among
the implants and the surrounding
bone tigsue starting affer 10 weeks.
The consolidation evidences can be
observed earlier in areas with a big-
ger component of cancelous bone, for
example in the case of tumor and
cystic cavities,

In general the cure was ohtained
in 96 % of the tried cases, with excel-
lent results in 127 patients (26 %),
they were evaluated as good in 308
(68 %) and 34 (7 %) was fair.

The cases considered as failures
were 19 (4 %) which were evaluatad
as poor in the achieved final result.
In most of them (16} it was necessary
a second operation to retire the os-
teosynthesis or to carry out other
corrections such as surgical revision
by recidive of the initial lesions, but
in none of them it was due to the
implant material (Table 4).

DISCUSSION

The use of the different types of
bone graft has been for a lot of time
of great use in the orthopedic sur-
gery. The high incidence of compti-
cations that are presented for its ob-
tainment, nuisances and additional
surgical risks for the patient in the
case of the autologous-and variable
affectiveness due to possible rejec-
tions, non ostevintegration, infec-
tions and dangers of transmission of
illnesses and live virus in the hefer-
ologous, among others, are obstacles
for its use in an extensive way.

Table 4. Main: observed complications in the study.

Complications Patients (%6}
Development of new pseudoarthrosis 5 1,1
Postoperative or late infection 8 1,2
Relapse in the cases of tumors 2 0,4
Second operation for faulty stability
{unstable osteosynthesis) 3 (eX33
Other causes (fwo uncertain) 3 0.6

TOTAL

In this study it has been demon-
strated the excellent gualities of the
prorous coralline hydroxyapatite
HAP-200 as s bone graft substitute,
due teo its high biocompatibility and
capacity of regenerating the live tis-
sue int the treatment of different le-
sions of traumatic and tumoral ori-
gin. Many of these lesions are of dif-
ficult solution and they have failed
to other treatments, not being in any
cage complications added to the pa-
thology.

Most of the clinical symptoms
observed 1n the immediate postop-
erative stage have been inside the
characteristic limits of a surgery.
The increased lavels of the alkaline
fosfatase in the first three months
could indicale in an indirect way the
increase of the osteogenesis as a con-
sequence of the acceleratioh of the
osteoblastic activity induced by the
osteoactivity of the implanted bio-
material.

The coralline hydroxyapatite
HAP-200 presents a great chemical
and morphological identity with the
mineral support of the bone, with
uniform and three-dimensionally
interconnected pores with an aver-
age size of 184 mm and a micropoe-
rosity from 5 to 3¢ mm conforming
the walls. These properties facilitate
the penetrating proliferation of the
neoformed bone tissue into the im-
plants and in the contact surface
between the bone and the biomate-
rial. At the same time'this phenom-
ena contribuie to the vascularization
and ossecintegration processes. This
fact explains the radiographic obser-
vation of consolidation and ossecin-
tegration stariing from the 10 weeks
as an average in the implanted pa-
tients.

In general the bioactivity of the
hydroxyapatites has been related to
its mainly osteoconductor character,
since they don't promoie the bone
formation in soft tissue (there is no
ostecinduction).!»* However, in this
study was observed thai the im-
plants of the coralline hydroxyapa-
tite HAP-200 into the bone, besides

1% 3.8

working as a supporl for the growth
of the new bene (osteoconduction).
if promotes the formation and bone
tissue rermodeling in areas far from
the implant. The figure 1 shows the
radiography of one of the patients in
this series, who suffered exposed
fracture of the right humerus in its
half third with distal. This case was
previously operated on in several oc-
casions {six) to apply different treat-
ments (surgical cleaning, badge
placement, screws, external fixators,
implant of autologous bone, plaster,
ete.). All of thern were fruitless and
left as additional sequel the loss of
bone support including the cortical
one in the whole extension of the
limb, Under these conditions it was
included in this study. There was
applied ostecsynthesis with wide
badge of dynamic comypression and
due to the little space in the distal
end the stabilization was completed
with modular external fixators and
complement of coralline HAP-200 to
fill the bone defect. The fixators were
withdrawn after 12 weeks and the
radiographic control after six
months reveals complete consolida-
tion of the pseudoarthrosic focus. It
is also observed clearly the regenera-
tion process and rernodeling of the
bone in all the injured bone, includ-
ing the filling with neoformed bone
tissue of the hole that was in the
upper part as a sequel of a nail in the
previcus treatments. After six
months it was observed the com-
plete arches of mobilily of the in-
Jured lirnb.

The starting of bicdegradation
pheriormena of the implanied porous
coralline hydroxyapatite HAP-2060
begins to be radiographically appre-
ciated two years after surgery as an
average. The process begins early
with the formation of bone bridges
in the frontier bone-biocmaterial by
formation of interfacial chemical
bonds that beging to standardize the
density in the contact area, making
the limits between both materials
disappear graduailly. Then it is ob-
served the gradual decrease of the
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radiographic density of the implant
until a homogeneous mass is
formed with similar characteris-
tices to the surrounding bone envi-
ronment.

The behavior described above
was clearly evidenced (Fig. 2), by
means of the radiographic evolution
of a 58 year-old patient with hip frac-
ture and loss of the mechanical sta-
bility by failure of the osteosynthe-
sis, preducing non-union and defect
of bone substance in the fractured
area. The operation inciuded the os-
teosynithesis replacement and inter-
position of blocks of coralline hy-
droxyapatite to fill the defect. After

6 months the patient evolved satis-
factorily from the clinical and fune-
tional points of view, although the
frontiers and location of the blocks
of the biomaterial are perfectly ob-
served radiographically. After 3,5
years the place occupied by the hy-
droxyapatite is now a compact mass
with a density bigger that the one in
the bone environment without de-
fined froniiers and after 5 years the
biodegradation process of the bio-
material is still more intense.

The rate of these events varies
from a patient to another depend-
ing on the age, the place, type and
magnitude of the lesion and on the

Fig. 1. Atrophic pseudoarthrosis of right humerus. Before the intervention (left),
postoperative radiographic control at 6th week (right upper) and after 6 months (right
lower) it is observed the consolidation and bone regeneration in the whole region
including sequels of the previous screws (arrow).

3

auxiliary or complementary treat-
ments.

The figure 3 shows the evolutive
radiography of a young patient that
presented a relapsed bone cystin the
femur, with antecedents of hopeless
surgical treatment with bone graft.
The surgical cleaning and curettage
of the affected area was practiced
and the remainder bone defect was
filled with granulated of coralline
hydroxyapatite. After 6§ months the
patient was clinically asymptomatic
and after 4 years the implant was not
observed, its place has been com-
pletely taken by a healthy bone.

It is well known: that the differ-
ent types of tricalcium phosphate
biomaterials present different rates
of reabsorption depending on their
structural cormposition, cristallinity,
solubility, etcetera. The hydroxyapa-
tites of high purity and crystallinity
are considered as non-reabsorba-
bles, although changing their com-
position, the apatites can be ob-
tained with different biodegradation
degrees. According to the present
experience the biodegradation or re-
absorption concept is a relative term
for the bone implant biomaterials of
calcium phosphates in general. Un-
fortunately most of the studies car-
ried out, in vitro as well as in vivo to
evaluate these properties comprise
relatively short periods of time. The
information on the effect of the ag-
ing over this type of implant for long
periods of time is extremely lim-
ited.’ * In author opinicn all the cal-
ciurmn phosphates biomaterials due
to their chemical and structural
similarity with the mineral support
of the bone end up by incorporating
to the natural dynamics of the own

4

Fig. 2 Patient with hip fracture and loss of the mechanical stability by failure of the osteosynthesis (1). Osteosynthests replacement
and complement of Coralline Hydroxyapatite in blocks to fill the defect. After 6 months of postoperative evolution (2),

after 3.5 years (3) and after 3 yeors (4}
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Fig. 3. Patient with a relapsed bone cyst, who was treated previcusly with autogenous bone graft (left) He received surgical
treatment and fitling the defect with Coralline Hydroxyapatite. After 6 months of evolution (center) and after 4 years is clinically

and radiegraphically restored (right).

bone tissue. It is the case of the cor-
alline hydroxyapatite HAP-200, The
behavior of the biomaterial will de-
pend on the physical-chemieal prop-
erties of the implants, that’s why re-
sponses should not be expected to
foreign body or another complica-
tion throughout the time after its im-
plantation.
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