Pferdeheilkunde 26 (2010) 4 (Juli/August) 495-502

A. Liesegang et al.

Systemic and local effects of disportional longitudinal
growth of bones in foals and lambs
and the impact on bone mineral density and content

Annette Liesegang’, Regula Giezendanner!, Sylvie Tanner?, Brigitte von Rechenberg? and Jérg Auer®

Institute of Animal Nutrition!, Musculoskeletal Research Unit, Equine Department? and Equine Department?, Vetsuisse Faculty ZH, University of Zirich, Switzer-

land

Summary

In the present study the effects of ,periosteal stripping” on bone and cartilage metabolism of foals with angular limb deformities and heal-
thy experimental lambs were examined. Five foals with angular limb deformities were treated surgically by means of ,hemicircumferential
transection of the periosteum and periosteal stripping” (HCTP/HP). Before surgery as well as twice after surgery, 1,25(OH), Vitamin D, bone
and cartilage markers in the serum were determined and compared to 5 healthy foals of the same age. In addition 10 healthy lambs were
treated by HCTP/HP in which the same parameters and bone density were determined. At 22 days after surgery the lambs were sacrificed
and treated and control bones were sampled and processed for immunohistochemistry. Neither in foals nor in lambs, significant differences
could be observed between treated and untreated animals with regard to the parameters measured in serum. Nevertheless, both treated
groups revealed a tendency for higher bone remodelling compared to control animals. This could be the result of an increased bone remo-
delling rate following surgery. No statistically significant difference in bone mineral density between treated and untreated animals could be
detected. In contrast local changes of signal transduction related to parathyroid hormone related protein and indian hedgehog (PTHrP/Ihh)
were observed using immunhistochemistry. It was concluded that HCTP/HP at the level of epiphysis and metaphysis does not lead to syste-
mic effects, even though local events detected by immunohistochemistry point fo an increased bone formation at the treated site.
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Systemische und lokale Auswirkungen disproportionalen, longitudinalen Knochenwachstums bei Fohlen und Lémmern und
die Bedeutung von Dichte und Gehalt an Knochenmineralien

In der vorliegenden Arbeit wurden die Auswirkungen des ,Periost stripping” auf den Knochenstoffwechsel von Fohlen mit Achsenfehlstel-
lungen und Lédmmern untersucht. Finf Fohlen mit Achsenfehlstellungen wurden mittels ,Hemicircumferential transection of the periosteum
and periosteal stripping” (HCTP and PS) operiert. Vor der Operation sowie 10 und 22 Tage danach wurden bei ihnen sowie bei funf gleich-
altrigen, gesunden Kontrollfohlen 1,25(OH), Vitamin D, Knochen- und Knorpelmarker im Serum bestimmt. 10 gesunde Lammer wurden
ebenfalls mittels HCTP and PS operiert. Vor der Operation sowie 2, 6, 10, 14, 18 und 22 Tage danach wurde bei ihnen sowie bei 10
gleichaltrigen, gesunden Kontrolltieren 1,25(OH), Vitamin D, Knochen- und Knorpelmarker im Serum bestimmt sowie Knochendichte und
-mineralgehalt mittels p QCT gemessen. Nach der Schlachtung 22 Tage nach der Operation wurden die operierten Knochen sowie die ent-
sprechenden Knochen der Kontrolltiere entnommen und spéter immunhistologisch aufbereitet. Weder bei den Fohlen noch bei den Lém-
mern konnten beziglich der Parameter im Serum signifikante Unterschiede zwischen operierten und nicht operierten Tieren festgestellt wer-
den. Allerdings wiesen sowohl die operierten Fohlen als auch die operierten Lammer deutlich hshere OC/ICTP-Quotienten auf als die nicht
operierten Kontrolltiere, was auf eine erhéhte Knochenumbaurate als Folge der Operation schliessen lésst. Die Bestimmung von Kno-
chendichte und -mineralgehalt bei den Ldmmern ergab keine signifikanten Unterschiede zwischen operierten und nicht operierten Tieren.
Es wird vermutet, dass der Eingriff mittels HCTP and PS zu minim ist, um systemische Effekte nachzuweisen. Auf lokaler Ebene deuten die
Auswertungen der mittels Immunhistochemie detektierten lokalen Wachstumsfaktoren darauf hin, dass HCTP and PS an der operierten Stel-
le zu vermehrtem Knochenaufbau fihren kénnte.

Schlusselwérter: Periostal stripping, Fohlen, Lamm, Knochenwachstum, Knochendichte, Mineralstoffgehalt, Knochenmarker

Introduction

Periosteal transection and elevation is a surgical method
aimed at correcting disproportionate growth and/or prema-
ture closure thereof in young foals (Auer 2004). Disturbances
of the growth plates due to trauma or also for unknown rea-
sons (Caron 1988) can cause a halt in longitudinal growth of
bones with subsequently premature ossification of the growth
plate, since microfractures in the proliferation and maturation
zone of the epiphyses are the result. These changes lead to
early maturation of the chondrocytes and premature minera-
lization of the affected growth plate. The consequence may
be a shortening of the limbs, if both sides are equally affec-
ted, or to axial deviations due to incongruent growth of the
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lateral and medial aspects of the bone, respectively. The limb
will deviate to the side where the premature closure occurs
and severely disturb the longitudinal axis of the entire limb.
Apart from the fact that it may mechanically alter the gaits, it
will inevitably lead to disproportionate mechanical loading of
the joint cartilages especially in the lower exiremity. This focal
overload of some aspects of the articular cartilage will subse-
quently lead to the onset of (still incurable) osteoarthritis and
joint degeneration already at a young age. Therefore, a sur-
gical method to correct such growth incongruencies in young
animals has been developed already in the eighties, where
surgical transection and elevation of the periosteum/peri-
chondrium was used to stimulate the proliferating zone to
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resume and catch up with longitudinal growth while at the
same fime inhibiting premature ossification of the growth pla-
te (Auer and Martens 1982, Auer 2004, Auver and Rechen-
berg 2006). Although clinical studies showed efficiency of this
surgical regimen, the true mechanism of the corrective pro-
cedure was never shown. It is still unclear, whether local or
systemic effects alone, or both together are causing the acce-
lerated growth of the affected growth plate.

Parathyroid hormone related protein (PTHrP) and its receptors
(PTHR) as well as Indian hedgehog (Ihh) and the transforming
growth factor B (TGF) and fibroblast growth factor (FGF) were
demonstrated to be involved in physiological development
and growth of long bones in mice (van der Eerden 2003,
Vortkamp 2003). In earlier research studies with experimental
lambs (see manuscript B.von Rechenberg) local changes in
signal transduction within the growth plate and adjacent peri-
chondrium after HCTP/HP were demonstrated to be related
to the negative feedback loop mechanism between parathy-
roid hormone like protein (PTHrP), the PTH/PTHrP receptor 1
(PTHrPR1) and Indian hedgehog (Ihh) (Stevens and Williams
1999, Nilsson et al. 2005).

On a more systemic level parathyroid hormone (PTH) secre-
ted from the parathyroidea plays an important (systemic) role
on the mineral metabolism and bone remodelling (Bushinsky
and Monk 1998). It increases blood calcium levels by acce-
lerating bone resorption. Until today its role has never been
used to evaluate the etiology of physeal changes related to
axial deviations. However, it has been widely used in the con-
text with other orthopedic problems in horses. Along that line,
bone turnover, especially the up-regulation of bone formation
was measured by the help of biochemical markers for bone
cell activity such as osteocalcin (Lepage et al. 1998) or for
bone resorption markers as carboxyterminal cross-linked telo-
peptide of type | collagen and the carboxyterminal telopepti-
de without cross-linking (Lepage et al. 1998). Again, also
these markers were never studied in the context of axial devi-
ations. In addition, the degradation and formation markers of
collagen type Il, which are mainly found in cartilage tissue,
were measured to evaluate cartilage metabolism, but also not
in context with axial deviations in foals. For both tissues, the
ratio of bone (or cartilage) resorption and formation markers
can be used to objectify the remodelling of these fissues.

Last but not least, parameters influencing the mechanical pro-
perties of bone may also influence the correct growth of long
bones in foals, but were never measured in relation to axis
deviation. Bone strength was shown to depend on the amount
and density of bone present. On the basis of this relationship
several techniques have been developed to measure the bone
mineral density (BMD) and the bone mineral content (BMC)
non-invasively at different skeletal sites. Peripheral quantitati-
ve computed tomography (pQCT) have become established
methods for evaluating the skeletal status, assessing osteopo-
rosis, determining fracture risk, and monitoring metabolic
diseases and therapies in humans (Falkner et al. 1991). In
veterinary medicine, the application of pQCT technology is
still rare, although these methodologies have the potential to
be important research and clinical tools for e.g. the study of
endocrine and metabolic diseases that affect the calcium-
phosphorus balance, orthopedic diseases and fracture risks.
Therefore, the goal of this study was to investigate whether the
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hormonal metabolism is changed in subjects, in which longitu-
dinal growth is stimulated by different local factors. The study
was based on the hypothesis that in HCTP/HP bone formation
will be up regulated, while bone resorption will not be changed.

Materials and methods

Twenty weaned two months old lambs (10 male, 10 female)
were used in this study, from which 5 males and 5 females
(group op) underwent periosteal stripping at the distal lateral
radius, tibia, metacarpus and metatarsus for systemic investi-
gation of biomarkers of bone/cartilage metabolism. Bones
were harvested at 22 days post-surgery. The growth plates
were cut in a latero-medial fashion, where the non-operated
medial site of the same bone served as internal control. The
other 10 animals were not surgically treated and used as
independent control animals. The animals weighed
17.0+0.7 kg, when surgery was performed, and 19.5+0.7
kg at the end of the experiment, respectively. Blood samples
and bone mineral densities were collected and measured,
respectively, on day -1 (before surgery), day O (surgery) and
then 2, 6, 10, 14, 18 and 22 days post surgery.

In addition, five foals with axial deviations, which were ope-
rated at the horse clinic of the Vetsuisse Faculty Zurich with
periost-stripping, were used (2male, 3 female). Five healthy,
age-matched foals were used as controls (4 male, 1 female).
The foals were 3 weeks old on average (STE£2.3 days).
Blood samples were collected before surgery, 10 and 21 days
post-surgery.

Determination of 1,25-(OH), Vitamin D, osteocalcin, cross-
laps I, procolagen Il, crosslaps Il in serum

Serum was analyzed for Crosslaps, ICTR OC (Metra®Oste-
ocalcin Enzyme Immunoassay Kit, Quidel Corporation, McKel-
lar Court, California, USA), CPIl (Frisbie et al. 1999, Laverty et
al. 2000, Billinghurst et al. 2004) and 1.25VitD (1,25-Dihy-
droxy Vitamin D RIA, Immunodiagnostics Systems Lid, Boldon
UK) as previously described (Liesegang et al. 2000, Liesegang
and Risteli 2005, Liesegang et al. 1998). To calculate the bone
remodeling rate, the ratio of OC to ICTP was used.

Bone mineral density and bone mineral content

After measuring the length of the left metatarsus of the living
animals, total BMD and BMC were measured with pQCT
(Stratec XCT 960A bone scanner; Stratec Medizinaltechnik
GmbH, Pforzheim, Germany; Gasser 2002). The measure-
ments were performed in the middle of the diaphysis (50% of
the length of metatarsus). Additionally the distal epiphysis was
measured (90% of the length of metatarsus). Cortical BMC
and BMD were calculated by automated computation (Corti-
cal mode 2; threshold for cortical bone >640 mg/cm?).

Immunohistochemistry

Obviously, immunhistochemistry could only be performed in
bones of the experimental lambs. After slaughtering, 3 mm
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thick sections of the tibiae and radii were cut distally from the
lateral to the medial aspect and parallel to the frontal plane
of the bones using a band saw (Fig.1). The samples were then
fixed in 4% freshly prepared and buffered 4% formaldehyde
(Fluka Chemie AG, Buchs, Switzerland) for 2 days, followed
by decalcification in 12% EDTA (Ethylendiamin Tetraessigséiu-
re Dinatriumsalz 12%, pH 7, Fluka Chemie AG, Buchs, Swit-
zerland) at room temperature and constant stirring for at least
36 to 56 days. When decalcification was complete, samples
were embedded in paraffin according to our routine protocol.
Six sections were cut from each block, of which one was used
for routine hematoxylin-eosin (HE) staining, whereas the
others were used for immunohistochemical procedures using

Fig. 1 The different zones of the analyzed epiphysis (Z) 1-6 from
lateral to medial

antibodies against the appropriate protein (lhh, PTHrP, PTHR,
FGF, TGF). Rabbit anti Ihh (dilution1:3; Indian Hedge Hog,
H88; Santa Cruz Biotechnology Inc., Santa Cruz, California,
USA), mouse anti PTHR Type 1 (dilution1:10; Parathyroid-Lab
Vision/NeoMarkers), rabbit anti PTHrP (H 137) (Dilution1:3,
Santa Cruz Biotechnology), rabbit anti basic FGF-2 (Dilution
1:1000, Chemicon) and a mouse anti Human TGF-f anti-
bodies (Dilution 1:100, Chemicon) were used. All subsequent
steps were carried out at room temperature following routine
immunhistochemical protocols (see von Rechenberg et al.
2010). Briefly, after deparaffination, slides were rehydated
and endogenous peroxidases inactivated using 3% H,O,.
Protein blocks were applied (Dako Cytomation Proteon block
X0909) before Avidin and Biotin blockage (Avidin Biotin Blok-
king Kit SP-2001, Vector Laboratories, USA). Incubation with
antibodies was overnight when the secondary antibody
(LSAB+ Kit, K5003, HRP/AEC, Rabbit/Mouse) and the chro-
mogen AEC (Aminoethyl Carbazole Substrate Kit, Invitorgen,
00-2007) was used for antibody detection. Negative controls
were performed using TBS instead of primary antibody and
positive controls employing sheep lung for TGF-$, bone of
sheep fetus for Ihh and PTHrP, granulaton tissue of a horse for
FGF and mammary tissue of a sheep for PTHR. For micro-
scopic analysis of the slides a light microscope (Leica DMLB,
Leica Microsystems AG, Glattbrugg, Switzerland) was used.
Following histomorphological examination, the slides were
assessed semiquantitatively individually analyzing epiphyses
in six zones (Fig.1).
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First of all the cells were analyzed for positive staining yes
or no. After that, the number of positive stained cells in the
different zones (proliferative and hypertrophic zone or
resting zone) were quantified semiquantitatively (0 = no
cells stained; 1=one fourth of the cells stained; 2 = half of
the cells stained; 3 = three quarters of the cells stained;
4 = all cells stained). More staining means higher activity
of the cells.

Statistics

The results are presented as mean = standard error (SE). A
multivariate analysis of variance for repeated measures
(ANOVA) was performed with group as a cofactor included in
the model to test difference of the time dependent patterns
between the groups. To avoid false conclusions due to a vio-
lation of the assumption of compound symmetry, a Huynh—
Feldt correction was performed. The statistical differences bet-
ween the sampling days within the species were analyzed with
a Wilcoxon's sign rank test for paired samples. Furthermore,
the difference between groups was tested with the Mann—
Whitney U test (non-parametric) to limit the influence of exire-
me values. The level of significance was set at p = 0.05 for
all tests. All statistical analyses were performed by use of
SYSTAT® for Windows® (Version 11.0, SPSS Inc. Chicago, IL).
The results of the semiquantitative scorings of the immunohi-
stochemistry were analysed with a factorial analysis of varian-
ce. In addition, mean and standard deviations were calcula-
ted for the descriptive statistic (SPSS Version 11.0). The p-
value was set at p < 0.05.

Results

Mean concentrations of 1,25(0OH), Vitamin D in serum of
lambs and foals

Lambs

There was a tendency to increased mean Vitamin D (Vit D)
concentrations in the op group compared to the control
group. Both groups revealed lower concentration at the end
of the experiment (Fig. 2a). Over time a significant decrease
was observed in both groups (p < 0.05).

Foals

The mean 1,25(0OH),Vitamin D (1,25(OH),VitD) concentra-
tions increased in both groups with time, although no signifi-
cant difference between the groups was observed, the incre-
ase of the concentrations in the op group seemed to be less
distinct (Fig. 2b).

Mean OC/ICTP Ratios

Lambs

The ratio of OC to ICTP is characterizing bone remodeling.
The values within the op group increased until day 14, which
indicates an increased bone formation (Fig 3a). Interestingly,
the control animals revealed a continuing decrease, which is
physiological in growing animals. There was a tendency to
increased bone remodeling when comparing op and control
group (p = 0.1, day 14).
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Foals

In the foals, the ratio of the operated foals increased during the
experimental period, while the control animals revealed higher
values at the beginning. At the end of the experiment both
groups nearly had comparable values. Although the values in
the op animals were lower at the beginning, no significant dif-
ferences between the groups were observed (Fig.3b).

Mean CPIlI/CTX-Il Ratios

Lambs

With the ratio of CPII/CTX-ll cartilage remodeling may be
rated. The carfilage remodeling increased with the time in
both groups. No group effects were revealed (fig. 4a).
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Fig. 2a, b Mean 1,25(0OH), Vitamin D concentrations # STE in
serum of the lambs (a) and foals (b) with surgery (op) and the con-
trol animals. * significant decrease with time (p<0.05) (a), from day
0 tp day 21/22 in the foal op group (p = 0.043

Foals

In the foals, the values increased in both groups, but were
more prominent in the control group (Fig. 4b). The increasing
values were due to an increased cartilage formation in the
control group, while the cartilage resorption decreased in
both groups. No group effects were evident in the foals.

Bone parameters in the lambs

Lambs

Total bone mineral density (BMD, ) increased in all groups,
wheras the increase in the op group with the time was signi-
ficant. The control group only revealed a small increase,
which was not significant. Cortical bone mineral content

1L} |
12 -""i“ -|
‘h'|
1] L "'_:
. -
¥ —
§ . "': = il
i |
: |
|
E
1 d L] L] it LL )
Tl cdaisl
[ ]
14
[
<
&
i

i ' " - ’ "
-1 ] L] 1] L 11 -]

Thame (daai

Fig. 3 a, b Values of the osteocalcin (OC) to ICTP (carboxytermi-
nal telopeptide of type | collagen) ratio = STE in serum of the lambs

with surgery (op) and the controls. *: significance within time in group
op (p = 0.02)

Table 1 Mean pQCT measurements = STE of the distal epiohysis of the tibia (before operation and 22 days later) total bone mineral densi-

ty (BMD, ), cortical density (BMD_), trabecular (BMD, ), total bone mineral content (BMC, ), coritcal (BMC_ ). trabecular (BMC, ).

* = significant difference, p= 0.05) in time.

Parameter operatated extremity contralateral extremity control
d-1 d22 d-1 d22 d-1 d22

BMD,,, (mg/cm?) 399.0+ 7.1 4404 +13.6* 4032+ 9.6  439.0=143* 4184 + 134  427.7 + 15.]
BMD,, (mg/cm?) 531.7 +37.8 520.0 = 10.9 550.2 += 38.0 515.0 = 12.4 547.3 = 40.6 497.5 = 14.4
BMD,, (mg/cm?) 3495+ 89 3306+ 104  3475+11.1  339.9+142 3441 =135  336.6 + 165
BMC,, (mg/cm?®) 231.7 £10.0 2285+ 8.0 236.5 = 11.1 236.7 = 8.6 238.2 = 18.7 226.8 +12.4
BMC,, (mg/cm?) 143.7 = 22.7 181.2 = 93* 124.1 = 32.3 189.2 = 11.7* 173.6 = 24.9 177.3 = 14.2
BMC,s (mg/cm?) 100.0 = 7.0 772+ 31* 1130+ 9.4 82.6 = 40* 986+ 82 791+ 50*
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Table 2 Mean pQCT measurements = STE of the distal epiphysis of the metatarsus

A. Liesegang et al.

Parameter operierte Gliedmafien kontralaterale Gliedmaf3en Kontrolle
d-1 d22 d-1 d22 d-1 d22
BMD,; (mg/cm?) 336.5 +13.0 3622 =11.9 325.8 = 14.9 356.7 =11.5 332.4 =122 363.1 +=13.8
BMD,, (mg/cm?) 338.8 + 9.6 423.6 = 6.8 429.8 + 9.4 431.8 + 6.1 418.9 £ 7.9 427.9 + 8.5
BMD, 4, (mg/cm?) 291.2 + 20.2 346.1 +13.9 283.0 = 18.1 340.5 = 13.1 323.3 +18.3 356.5 +16.9
BMC,; (mg/cm?) 121.3 £ 9.5 147.7 = 6.4 117.0 £ 8.7 139.6 + 8.4 132.6 £ 11.0 150.8 £ 7.7
BMC,, (mg/cm?) 70.6 = 10.4 91.6 =11.1 58596 86.3 = 9.7 67.7 = 14.1 90.4 = 10.6
BMC, o (mg/cm?) 498 = 4.9 63.4 = 3.2 47.5 =45 60.0 = 4.0 57.7 =£5.6 66.3 = 3.7
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Fig. 4 a, b Valus of the CPIl (cartilage formation marker) to CTX-II
(cartilage resorption marker) in serum of operated and control
animals; a = lambs, *: significant difference from day -1 to 22 in op
group (p = 0.005). +: significant time difference in control group
from day -1 to 18 (p = 0.007, b = foals.

(BMC_) increased with time in the operated animals, where-
as the trabecular content (BMC, ) significantly decreased in
all groups (Table 1).

In the metatarsus a significant increase in all groups was
observed for BMD, , as well as BMC, . In contrast , to the
BMC, , of the tibia, which decreased over time, the values in
the metatarsus increased (Table 2) in all groups. No signifi-
cant group effect could be revealed.

In the metacarpus (Table 3) all groups showed a significant
increase of the mineral parameters over time. (BMC,_,
BMC_,, BMC, ). In the control group no significant time
effect was noticed as well as no group effect.

Immunhistochemistry

Lambs

All bone samples of the operated exiremity, with the exception
of PTHR- and TGFB-marked slides, were stained notably
more often and significantly more intensive compared to the
controls. The |hh stained samples showed the most notable
staining differences within the different cuttings and the zones
of the cartilage of the growth plate. 86% of all samples from
the operated extremity could be judged, whereas in the con-
trols only 80% of the samples were stained. The intensity of
the staining was at a rate of 2.77 compared to controls, the
average values in the op group were from 3.11 with a maxi-
mum of 12.

The comparison of the staining infensitiy of Ihh was significant-
ly different between the op group and the control group in zone
1, which was the lateral side of the bones (P=0.04). There were
significant differences between the different zones, especially in
zone 2 the columnar cartilage was stained were weakly. The
operation mainly influenced the lhh expression (Table 4.) The
slides were mainly stained on the lateral side of the bone, most

Table 3 Mean pQCT measurements = STE of the distal epiohysis of the metacarpus

Parameter operated extremity contralateral extremity control
d-1 d22 d-1 d22 d-1 d22
BMD,; (mg/cm?) 327.4 +15.6 357.4 =10.2 339.8=11.0 353.6 = 12.3 339.3 = 14.6 347.2 =125
BMD.,, (mg/cm?) 419.7 = 9.1 4262 = 7.0 4155+7.0 4255 =104 418.3 = 10.0 420.3 = 6.1
BMD, o (mg/cm?) 310.1 +17.3 336.6 +12.3 3245+ 11.3 347.8 =154 317.0 =185 340.8 = 12.6
BMC,, (mg/cm?) 133.8 +9.4 154.4 £ 6.0 143.0 £ 5.0 160.0 = 7.3 143.9 = 12.1 157.0 = 8.9
BMC,, (mg/cm?) 70.2 +12.9 97.4 =8.5 78.5 +8.7 972 +13.6 86.5 = 12.7 91.7 £10.0
BMC,q (mg/cm?) 57.2 = 4.6 65.6 = 3.4 61.6 2.8 69.2 3.4 60.5 = 6.3 68.3 = 4.5
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Table 4 P-Values of the different zones and different factors. Op = operated animals, Bone = differences between the different bones. 1Z = zone.

TotlZ-lhh Sig. p 1Z1-lhh Sig. p  1Z2-lhh Sig. p 1Z3-lhh Sig.p
OP vs Control 0,66 OP vs Control 0,04 OP vs Control 0,96 OP vs Control 0,5

Bone 0,66 Bone 0,5 Bone 0,5 Bone 0,5

OP vs Control * Bone 0,88 OP vs Control * Bone 0,93 OP vs Control * Bone 0,18 OP vs Control * Bone 0,27
TotlZ- FGF Sig.p 1Z1-FGF Sig.p  1Z2-FGF Sig. p 1Z3-FGF Sig.p
OP vs Control 0,11 OP vs Control 0,6 OP vs Control 0,08 OP vs Control 0,87
Bone 0,35 Bone 0,62 Bone 0,72 Bone 0,41
OP vs Control * Bone 0,8 OP vs Control * Bone 0,17 OP vs Control * Bone 0,81 OP vs Control * Bone 0,64
TotlZ-PTHR Sig.p  1Z1-PTHR Sig.p  IZ2-PTHR Sig.p  1Z3-PTHR Sig.p
OP vs Control 0,26 OP vs Control 0,54 OP vs Control 0,09 OP vs Control 0,32
Bone 0,13 Bone 0,23 Bone 0,2 Bone 0,48
OP vs Control * Bone 0,82 OP vs Control * Bone 0,5 OP vs Control * Bone 0,85 OP vs Control * Bone 0,52
TotlZ-PTHrP Sig.p  1Z1-PTHrP Sig.p  1Z2-PTHrP Sig. p 1Z3-PTHrP Sig.p
OP vs Control 0,31 OP vs Control 0,5 OP vs Control 0,58 OP vs Control 0,5

Bone 0,15 Bone 0,5 Bone 0,58 Bone 0,27
OP vs Control * Bone 0,7 OP vs Control * Bone 0,38 OP vs Control * Bone 0,67 OP vs Control * Bone 0,4

Fig. 5 Frontal cut through the epiphyses (radius). Immunohistoche-
mistry of Ihh, expression of Ihh in red on the operated lateral side (a)
while no immunostaining is visible at the medial non-operated side
of the radius (b). Ihh is upregulated in the hypertrophic zone (HPZ)
close to the metaphysis (MP), less in the prehypertrophic zone (PHZ).
(Paraffine section, antibodies lhh, 100x).
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intensively in the proliferative and hypertrophic zone of the
growth plate. There were differences between the different
bones, such that the tibia showed a more significant staining
and more cells compared to the metatarsus of the same animal
(Fig. 5).

Discussion

The method of ,hemicircumferential transection of the peri-
osteum and periosteal stripping” (HCTP and PS) has been
widely used in foals with axial deviations since 1982 (Auer
and Martens). The mechanisms have been described by Aver
und von Rechenberg (2006). The authors assumed that main-
ly locally the growth factors are responsible for the increased
growth and therewith the correction of the axial deviations.
The goal of the present study was to evaluate a possible effect
of periost stripping on systemic, but also local factors and
bone structure using growing lambs as a model. In addition,
foals were used to determine systemic effects.

In the present study, only few foals with naturally occuring axi-
al deviations could be used. The foals were all privately
owned. For this reason no further investigations could be per-
formed on these animals. For this reason, lambs were used as
a model for the foals. One advantage of this experimental
study was, that all parameters were standardized. In addition,
at the end of the study, the bones could be used for immu-
nohistochemical analysis with at least 6 lambs per group and
at the same time point. Lambs strain their extremities similar
to foals after surgery and are useful model animals (Nuna-
maker 1998). The disadvantage of the used lambs was, that
they did not show axial deviations before surgery.

The foals of this study showed no differences between the
operated group and the control group when looking at the
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bone and cartilage markers. In a study with foals on oste-
ochondrosis, Vervuert et al. (2007) showed no differences
between animals with osteochcondrosis compared to those
without when comparing the osteocalcin concentrations in
serum, which is a bone formation marker. In contrast, Bil-
linghurst et al. (2004) demonstrated that bone marker con-
centrations differ between diseased and healthy animals in
the first year of the foal’s life. In addition, Garnero et al.
(2001b) detected higher osteocalcin and crosslaps concen-
trations in patients with osteoarthrosis in the stifle joint com-
pared to healthy individuals. In the lambs of the present stu-
dy, no significant changes of the bone markers was observed
after surgery, although a tendency towards a higher bone
remodeling rate was seen. With these results, however, it has
to be kept in mind that the operation is locally restricted to
the periost and no intraarticular interventions were done.
This may be also true for the foals, although the foals of the
operated group showed axial deviations before the interven-
tion. A possible explanation for this may be that bone meta-
bolism is not influenced by this strictly local intervention and
the intervention is much too minimal to stimulate real signa-
ling bone parameters systemically. Another possible expla-
nation may be that the bone marker concentration may be
increased after a longer time than just 3 weeks post surgery.
The same may be true for the cartilage markers. The above
mentioned studies deal with subjects, which have been dise-
ased over months and years. There, a significant decrease of
the bone markers was observed over time, which seems to
be physiological, since this has already been shown in other
studies (Price et al. 2001, Vervuert et al. 2007, Hittenmoser
(2006).

Under physiological circumstances, 1,25(OH), Vitamin D
plays a minor role in the influence on bone, but increases the
absorption of calcium and phosphorus. The latter are essen-
tial for the mineralization of bone (Erben 2000, Ballock und
O’Keefe 2003). With the periosteal stripping an increased
bone formation and, therewith, mineralization was expected.
The concentrations in serum did not reveal significant diffe-
rences between the groups. Again, this may be due to the fact
that the amounts of minerals (calcium, phosphorus) needed
to accomplish the increased mineralization were too low to
disturb the homoestasis of 1,25(OH), VitD-PTH. Both lamb
groups revealed decreased serum concentrations of
1,25(0OH), VitD, which was also shown in a study of Hitten-
moser (2006) and Chanetsa et al. (2000). In the foals a sig-
nificant difference between the diseased and healthy foals exi-
sted at the beginning of the study. The lower 1,25(OH), VitD
concentrations in the diseased foals may be accounted for
low Ca and P concentrations to mineralize the bone in the
epiphysis and therefore no proper growth was possible. The
OC/ICTP ratio showed that a difference in bone formation in
the different groups existed although this difference was not
significant. The ratio increased in the first 14 days in the ope-
rated animals. Despite missing significance, this showed, that
post surgery the bone is remodeled more prominent and new
bone is formed. This may be a consequence of the surgery,
which should lead to increased remodeling of the growth pla-
te and subsequent increased growth in length of the bones.
However, it has to be kept in mind that the lambs only survi-
ved for 22 days after the surgery. It is not clear what would
have happened if more lambs would have been kept for a
longer period. Accordingly also the foals revealed an increa-
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sed ratio, which shows increased bone formation. This may
lead to the assumption that bone formation is upregulated if
“periostal stripping” is used as therapy in foals with axial devi-
ation.

The ratio of CPII/CTX-Il, which is corresponding to increasing
cartilage remodeling did not give any further information, sin-
ce it was increasing with time in both species in both groups,
which seems to be normal for growing animals (Billinghurst et
al. 2003).

Bone mineral density and content also could not differentiate
significantly between groups, although tendencies were also
observed. An increase with time was evident in the operated
groups. This increase may be physiological, since also Hit-
tenmoser (2006) characterized the same results in growing
lambs. This is probably true, because growing animals in the
first months of life mineralize and condensate bone to deal
with the higher body mass and strain that are acting on their
bones.

The results of the immunohistochemistry showed that periostal
stripping influences the ,up- and down-regulation” of diffe-
rent bone growth associated factors and there, mainly Ihh.
The scoring of the operated bones clearly revealed higher
scoring results in these bones confirming earlier studies per-
formed with lambs on consecutive days at our laboratory (von
Rechenberg 2010). There, Ihh, PTHrP PTHR, FGF and TGF
were scored in radii and tibiae at 2, 6, 10, 14, 18 and 22
days. These bone sections were cut in dorso-palmar fashion
close to the surgery site of the periosteal stripping. In the cur-
rent study, histology sections were prepared in mediolateral
fashion such that unoperated and operated site could be
compared within the same bone and only at one time point
(22 days). Although signal transduction could not be followed
over time, immunhistochemical stainings were increased at
the surgery site also in the current study similar to the other
study, where lhh was also upregulated. Interestingly, up-regu-
lation was not the same in all bones. Especially the metatar-
sal and metacarpal bones were different from the radii and
tibiae. The different effect of the surgery on the different
bones may be due to the different course of the signaling
concentrations of the factors according to physiological stage
and closure, respectively ossification in the growth plates. In
different stages of the development of the growth plate, the
reaction to the stimuli may therefore partly be retarded or not
as pronounced. The less intense staining in the cells of the
epiphysis in the metarsus compared to the tibia may be
explained such that bone maturation is completed earlier
compared to the tibia (Fretz et al. 1984) and therefore, the
increased growth stage is already finished at this age. Diffe-
rent closure time of growth plates is also the reason, why Auer
and von Rechenberg (2006) generally suggest operating the
foals before 3 months of age.

In conclusion, although a higher bone formation was revea-
led in this study, the systemic factors seem to be only mini-
mally influenced by periostal stripping. Longitudinal growth of
long bones seems to be mainly a local event. Immunohisto-
chemical changes in signal transduction also in this study
support, however, that periosteal stripping is directly respon-
sible for growth by interruption of the cross talk between peri-
ost and growth plate.
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