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Bone histomorphometry and structure in
corticosteroid treated chronic active hepatitis
A J STELLON, A WEBB, AND J E COMPSTON

From the Liver Unit, King's College Hospital, London, and
The Department of Histopathology, St Thomas' Hospital, London

SUMMARY Transiliac biopsies from 34 female patients with corticosteroid treated chronic active
hepatitis have been examined to determine the contributions made by decreased bone formation and
increased bone resorption to bone loss associated with this condition and to determine the structural
basis of the bone loss. Mean wall thickness was significantly reduced when compared with control
values (p<0.001) as was the bone formation rate at tissue (p<O.OO5) and basic multicellular unit
(p<0005) level. The osteoid maturation period and the bone formation period were significantly
prolonged (p<0-02 and 0.05). The total resorption surfaces were significantly increased (p<0.02)
but the mean interstitial bone thickness was normal. The mean trabecular plate thickness was
significantly reduced (p<0.005). These findings indicate that decreased bone formation plays a
major role in bone loss associated with corticosteroid treated chronic active hepatitis and that the
structural basis of bone loss is trabecular thinning.

Reduced trabecular and cortical bone mass have
recently been reported in patients with autoimmune
chronic active hepatitis (CAH) on maintenance
corticosteroids.12 Corticosteroids are known to in-
duce bone loss, probably as a result both of direct
inhibition of bone formation and an increase in
parathyroid hormone mediated bone resorption
secondary to calcium malabsorption;`8 non-steroid
treated chronic liver disease is also associated with an
increased prevalence of osteoporosis.'3 Detailed
bone histomorphometric studies in patients with
chronic cholestatic or alcoholic liver disease have
shown that reduced bone formation plays a major
role in bone loss, although increased resorption may
also contribute;"'6 in addition, the mechanism of
bone loss in chronic cholestatic liver disease at the
microanatomic level appears to be trabecular thin-
ning rather than erosion through and removal of
whole trabecular elements. 5 The pathophysiology of
bone loss associated with steroid treated CAH has
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not been reported. In this study we have examined
the changes in bone histomorphometry and micro-
anatomic structure in iliac crest biopsies from 34
female patients with CAH receiving longterm corti-
costeroid therapy.

Methods

PATIENTS
The 34 female patients, aged 20-66 years (19 post-
menopausal), fulfilled internationally agreed criteria
for autoimmune CAH. 7 Twenty two of the 34
patients had biopsy proven cirrhosis, documented in
one or more biopsies, over a period of one to 12
years. At the time of study all patients were in
biochemical and histological remission as defined by
a serum aspartate transaminase (SGOT) level of less
than 40 IU/l and a liver biopsy appearance of chronic
persistent hepatitis or an inactive cirrhosis without
piecemeal necrosis. All patients had received pred-
nisolone for a minimum period of one year (median
3-6 years; range 1-12) and were maintained on doses
of 5 mg/day in two patients, 7-5 mg/day (8), 10 mg/
day (23), and 12-5 mg/day (1). Thirty one patients in
addition were receiving azathioprine 50-100 mg/day.
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Bone disease in chronic active hepatitis

Table 1 Clinical details ofpatients and controls

Chronic active
Controls hepatitis
(30) (34) p Value

Age 46.7 (14.9) 45 (15.6) NS
Pre-/postmenopausal 15/15 15/19
Years since menopause 11.6 (9.2) 7.4 (4.6) NS

Results are expressed as mean (SD).

Two patients were on thyroxine replacement therapy
for myxoedema and thyroid function tests at the time
of study were normal. No patient had received
previous vitamin D or calcium supplementation and
no patient had clinical evidence of steatorrhoea.
Informed consent was obtained in all patients and the
study was approved by the local Ethical Committee.
Three patients at the time of study suffered lower

lumbar back pain and one patient generalised aches
in all her limbs. Two patients had sustained fractures
(wrist one, and humerus one) before corticosteroid
therapy and lateral radiographs of the thoracolumbar
spine had revealed one patient with a wedged
vertebra.

Control data were obtained from 30 healthy
women (15 postmenopausal) aged 20-69 years, with
no biochemical or radiological evidence of metabolic
bone disease, who underwent an iliac crest biopsy at
the same time as a minor surgical procedure was
being carried out under general anaesthetic.'8 The
controls were comparable with the patients with
respect to mean age and years since menopause
(Table 1). Quantitative analysis of both the CAH and
healthy control biopsies was carried out by one of us
(AS) to exclude interobserver variation. Sections
were coded so that the observer was unaware of
whether they had been obtained from control or
patient biopsies.

BIOCHEMISTRY
Serum concentrations of calcium, alkaline phos-
phatase, albumin and urinary calcium and creatinine
concentrations were measured by standard methods.
Serum calcium concentrations were corrected for the
serum albumin concentration.'9 Serum 25-hydroxy-
vitamin D concentrations were measured by a com-
petitive protein binding assay after extraction and
chromatography. Serum immunoreactive para-
thyroid hormone (iPTH) levels were measured by an
N-terminal immunoradiometric assay using an anti-
body raised in sheep to synthetic 1-34 PTH peptide.2"

BONE HISTOLOGY
Full thickness transiliac biopsies were obtained, with
a modified Bordier trephine of 8 mm internal dia-

meter, 2 cm below and behind the anterior superior
iliac spine. Two contiguous specimens were obtained
whenever possible and were fixed in 10% phosphate
buffered formalin (pH 7) and embedded in methyl-
methacrylate. Non-consecutive 8 ,um sections were
cut with a Jung K microtome and stained with
haematoxylin and eosin (H&E), solochrome cyanin
R or by the von Kossa technique using a van Giesen
counterstain; 15 [sm unstained sections were also
prepared for fluorescence microscopy.

All volumes were measured by point counting and
all surfaces quantified using a Zeiss integrating eye-
piece, containing 25 points and 5 parallel lines. The
distance between two fluorescent labels and all
thickness measurements were made using an eye-
piece micrometer. One division on the eyepiece
graticule was equivalent to 1-40 ,tm at 400x magni-
fication.

The following static parameters were quantified:

Total trabecular bone volume (TBV; %)
The total trabecular bone volume, mineralised and
unmineralised, expressed as a percentage of the total
medullary volume including bone and marrow
spaces. A minimum of 100 fields from four or more
von Kossa stained sections were examined at 100x
magnification.

Relative osteoid surface (OS; %)
The percentage of total trabecular bone surface
covered by osteoid. A minimum of 100 fields or four
or more von Kossa stained sections were examined at
100x magnification.

Specific surface of trabecular bone (S,; mm2/mm3)
The number of square millimetres of trabecular bone
surface lying in a typical cubic millimetre of whole
trabecular bone tissue.2`

Surface to volume ratio (SIV; mm2/mm3)
This is the amount of trabecular surface existing on
the typical cubic millimetre of trabecular bone.2'

Mean trabecular plate thickness (MTPT; ,um)
This is an indirect measurement of the mean thick-
ness of trabeculae and was derived as follows:

MTPT 200022
S/V

Mean trabecular plate separation (MTPS; jim)
This is an index of the distance between trabecular
plates and is calculated as follows:

MTPS = MTPT1
TBV-1
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Fig. 1 Schematic representation oftrabecular bone remodelling in normal steady state circumstances and in corticosteroid
treated CAH. (a) shows a length ofa trabecula ofbone. Bone resorption by osteoclasts produces a resorption cavity (b) along
the mineralised trabecular bone surface. Bone resorption is then followed by boneformation in which the previously eroded
cavity isfilled in by osteoid whichfinally mineralises to produce bone (c). The mean thickness ofthe completed unit, which
represents the amount ofboneformed, is known as the mean wall thickness. In CAH the amount ofbone resorbed is normal
but the amount ofbone subsequentlyformed is reduced leading to net bone loss at each individual bone remodelling unit.

Mean trabecular plate density (MTPD;/mm)
This provides an index of trabecular plate number
and is calculated as follows:

TBV (%) x 1022
MTPD =

MTPT

Cortical thickness (CT; mm)
This is the mean of the thickness of both inner and
outer cortical plates. Measurements were done at 10
equidistant points along each cortical plate perpen-
dicular to its outer surface and the mean of these
values obtained.

Mean osteoid seam width (MOSW; Rm)
This is the mean of four approximately equally
spaced measurements in each osteoid covered sur-
face in one or two von Kossa stained sections yielding
a minimum of 80 readings. The osteoid seams were
measured at x400 magnification.

Mean wall thickness (MWT; Rm)
This represents the thickness of the completed bone
structural unit,23 (Figs 1, 2). Measurements were
made at x 400 magnification under polarised light, on
sections stained with solochrome cyanin R. Four
equidistant measurements were made per packet and
a minimum of 25 packets was measured from each
biopsy from four or more sections.

Mean interstitial bone thickness (MIBT; Rm)
This represents the mean thickness of the trabecular
bone lying between two completed bone structural
units in the trabeculae (Fig. 2) and is calculated as
follows:

MIBT = MTPT - (2 x MWT)24

Total resorption surfaces (TRS; %)
The percentage of total trabecular bone surface
showing resorption cavities with or without osteo-
clasts was measured in two H and E sections under
polarised light.2'

Dynamic parameters
All patients received the following tetracycline label-
ling regimen of demeclocycline: 300 mg bd for two
days, followed after an interval of 12 days by 300 mg
bd for four days. The bone biopsy was then taken
three to five days after the last dose. All fluorescence
microscopy was done on unstained sections using
blue light (365 nm).

The following parameters were measured:

Mineral appositional rate (MAR,; sm/day)
This is the mean of four equidistant measurements
made along each double label in two or more sections
at 400x magnification. A minimum of 60 readings
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-_ Bone formation at BMU level
t (BFR (BMU); Rm7/ [tm2/day)

The average amount of new mineralised bone made
MTPT per day per micrometer of osteoid covered surface,

calculated as follows:

BFR (BMU) = BFR (tissue)
OS x 102

MIBT

;~~~T
CAH MTPT

Fig. 2 Schematic diagram ofpart ofa trabecula to illustrate
the mechanism ofbone loss and its effect on bone structure in
corticosteroid treated CAH. The mean trabecularplate
thickness is determined by the mean wall thickness (MWT)
and the mean interstitial bone thickness (MIB T), the
relationship between these three being expressed as
MTPT= (2 xMWT) -MIB T. The mean wall thickness
represents the amount ofboneformedper remodelling cycle
and the mean interstitial bone thickness is indirectly
proportioned to the depth ofthe initial resorption cavity. In
corticosteroid treated CAH boneformation is reduced,
leading to a decreased mean wall thickness but resorption
depth is normal (Fig. 1), so that the mean interstitial bone
thickness is unchanged. The decrease in mean wall thickness
results in a reduction in the mean trabecular plate thickness.

were obtained and the mineral appositional rate was
calculated as follows:

MARt
(uncorrected
for obliquity)

=
Mean separation between labels

Time interval between the middle
of the two labelling dose regimens

(days)

Total labelled surfaces (TLS; %)
The length of single and double tetracycline labelled
surfaces expressed as a decimal fraction of the total
trabecular bone surface. These were measured on
two unstained sections at a magnification of x 100.

Bone formation at tissue level
(BFR (tissue); Rm7/tm2/day)

The amount of new bone mineralised per micrometer
of trabecular bone surface area per day calculated as

follows:

BFR (tissue) (DL + SL) x MARt21
100

Bone formation period (a; days)
The time taken for the formation of a complete bone
packet, calculated as follows:

MWT2'

BFR (BMU)

Mineralisation lag time (MLT)
This is defined as the average lag time between
apposition of collagen and initiation of mineral-
isation of osteoid, and is calculated as follows:

MLT (days) = mB sw
BFR (BMU)

STATISTICAL ANALYSIS
A two-tailed Student's t test for
carried out on all data analysed.

unpaired data was

Results

The results of biochemical measurements are shown
in Table 2. Serum calcium was decreased in two
patients both of whom were premenopausal. Serum
25-hydroxyvitamin D concentrations were normal in
all but three patients in whom subnormal levels (less
than 12 nm/litre) were found. Two premenopausal
patients had raised iPTH levels. The mean fasting
urinary calcium creatinine ratio was not significantly
different from controls despite six patients (five

Table 2 Biochemical data in patients

Chronic active Normal
hepatitis range

Corrected serum calcium (mmol/l) 2-32 (0-08) 2-2 - 2-6
Serum 25-hydroxyvitamin D (nmol/l) 49-9 (27) 12- 80
Serum immunoreactive parathyroid 85.1 (82.6) <219
hormone (pmol/l)

Fasting urinary calcium/creatinine 0-10 (0-09) 0-065 (0.05)
ratio (mmol/mol)

Results are expressed as mean (SD); Conversion from SI to
traditional units; serum calcium 1 mmol/l=4 mg/100 ml; serum
25-hydroxyvitamin D 2.5 nmol/l=1 ng/ml; serum immunoreactive
parathyroid hormone 243 pmol/l=1 ng/ml; fasting urinary calcium/
creatinine ratio 1 mmol/l calcium=4 mg/100 ml, 1 Rmol/l creatine
=0-0113 mg/100 ml.

Normal

4
MWT

MIBT

MT Iv 1%, 1

_.p
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Table 3 Static histomorphometric data in the patients and
controls

CAH Controls
(34) (30) p Value

Total trabecular bone 19 1 (4.6) 23.5 (5.8) <0(005
volume (%)

Cortical thickness (mm) 1.09 (0.29) 1.30 (0.30) <0.005
Mean trabecular plate 95.4 (19.7) 114 5 (25.9) <0 005

thickness (rm)
Mean trabecular plate 2.02 (0.32) 208 (0.44) NS

density (/mm)
Mean trabecular plate 414 (112) 390 (117) NS

separation (tm)
Mean interstitial bone 21(15.5) 21(28) NS

thickness (tm)
Osteoid surface (%) 12.0 (8.2) 12.3 (7.0) NS
Mean osteoid seam width 8 41 (2.02) 8-59 (2.36) NS

([tm)
Mean wall thickness (tm) 37-3 (6.0) 47.0 (7.5) <0 001
Total resorption surfaces 2 54 (1.24) 1.88 (0.69) <0 02
(0)

Results are expressed as mean (SD).

postmenopausal) having raised ratios of greater than
0- 16 mmol/mol.
The mean trabecular bone volume was signific-

antly lower in the CAH patients (Table 3) when
compared with the control group (p<0-005). Al-
together 14% patients had a trabecular bone volume
value within the vertebral fracture threshold range of
11(3)% .23 When compared with controls a statistically
significant decrease in mean trabecular plate thick-
ness (p<0.005) but not mean trabecular plate density
or separation was found in the patients. No signific-
ant differences in osteoid surface, mean osteoid seam
width or mean interstitial bone thickness were detec-
ted when compared with controls whereas the mean
wall thickness was significantly decreased in the
patients (p<0.001). Total resorption surfaces were
significantly higher in the patients when compared
with controls (p<002) and 24% of patients had
increased resorption surfaces (>2SD above mean of
age and sex-matched controls). Cortical plate thick-
ness was decreased when compared with controls
(p<0005).
DYNAMIC HISTOMORPHOMETRIC INDICES
(Table 4)
Calculation of the mineral appositional rate and
other dynamically derived parameters were not pos-
sible in four patients because only single tetracycline
labels were detectable. When compared with the
controls the mineral appositional rate was signific-
antly decreased although only one patient had a
subnormal (>2SD) value. Total labelled surfaces
were significantly decreased in the patients

0 f0X
C~

Fig. 3 Illustration ofthe two possible structural
mechanisms oftrabecular bone loss at a microanatomic level.
In (a) trabecular thinning occurs, resulting in reduced bone
volume with preservation ofthe normal trabecular
architecture. In thisform ofbone loss, the mean trabecular
plate thickness is reduced but mean trabecular plate density
and separation remain unchanged. In (b), bone loss occurs
by erosion through and removal oftrabecular elements,
leading to disruption and loss ofconnectivity ofthe normal
trabecularstructure. In this case the mean trabecularplate
thickness is unchanged but mean trabecularplate density
decreases and mean trabecularplate separation increases.
In corticosteroid treated CAH mechanism (a) provides the
structural basisfor bone loss.

(p<0.005) when compared with controls as were
the bone formation rate at tissue level (p<0005) and
BMU level (p<0 005). The osteoid maturation
period (p<0.02) and bone formation period
(p<005) were significantly prolonged when com-
pared with the controls.
When patients were separated into those with and

without cirrhosis, although age and mean daily dose
of prednisolone and azathioprine were comparable in
both groups, no statistically significant difference was
found between the two groups with respect to any of
the histological parameters measured.
Weak correlations were only found between main-

tenance dose of prednisolone and total resorption
surfaces (r=0.4; p<005) and dose duration of corti-
costeroid therapy and trabecular bone volume
(r=-0.39; p<0.05) and cortical plate thickness
(r=-0.36; p<0.05).

Discussion

Our results confirm previous reports2 of cortical and
trabecular osteoporosis in patients with corti-
costeroid treated chronic active hepatitis and show
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Table 4 Dynamic histomorphometric data in the patients
and controls

CAH Controls p Value

Mineral appositional rate 0-68 (0.08) 0-74 (0.12) <0-05
(>tm/day)

Total labelled surfaces (%) 6-91 (4.00) 12-9 (9.1) <0-005
Bone formation rate - tissue 0-048 (0.030) 0-098 (0.063) <0-005

level ([&m31m2/day)
Bone formation rate - BMU 0.45 (0.33) 0-99 (0.78) <0 005

level ( tm3/[m2/day)
Bone formation period 129 (122) 70-6 (43.6) <0-05

(days)
Mineralisation lag time 28-9 (31.0) 13-7 (8.4) <0-02

(days)

Results are expressed as mean (SD).

that reduced bone formation is a major contributory
factor. The reduction in trabecular bone volume may
have been underestimated as the decreased cortical
plate thickness also observed probably resulted from
endosteal resorption, creating new trabeculae which
would have been included in the area for quantifica-
tion of trabecular bone volume. Nevertheless, 14%
of the patients studied had a value for trabecular
bone volume within the vertebral fracture threshold
range of 11(3)%.23
At a microanatomic level, trabecular bone loss

may be caused by either a thinning of the trabeculae,
with preservation of trabecular architecture, or by
erosion through and removal of trabeculae, thus
reducing trabecular interconnectedness, or to a com-
bination of both (Fig. 3). This study shows that the
structural basis for bone loss in corticosteroid treated
CAH is trabecular thinning rather than erosion
through and removal of trabecular plates. Thus the
mean value for mean trabecular plate thickness was
significantly reduced in the patient group without any
significant accompanying change in mean trabecular
plate separation and density, indicating preservation
of the trabecular structural pattern. This pattern of
bone loss is similar to that observed in patients with
primary biliary cirrhosis'5 and jejunoileal bypass26
and may be associated with a lower fracture risk
than bone loss involving loss of trabecular plates and
reduced interconnectedness of trabeculae.27
Mean wall thickness was significantly lower in the

patient group, indicating reduced bone formation.
Further evidence of low bone formation comes from
the finding of a reduced bone formation rate at tissue
and cellular level and the presence of only single
tetracycline labelling in four patients. Although the
mean osteoid seam width was normal in the patients,
this, in association with a decreased mineralisation
rate and prolonged osteoid maturation period indi-
cates a reduced osteoblastic appositional rate and

decreased matrix synthesis, as under conditions of
normal matrix synthesis delayed mineralisation
would result in an increased osteoid seam width.
Because the bone formation period was increased in
the patients, it seems likely that impaired function of
osteoblasts rather than a reduction in lifespan was
responsible for the impairment of matrix synthesis
and mineralisation.
The mean total resorption surface was significantly

higher in patients than in controls, although only
small rises were seen. Measurement of total resorp-
tion surface, however, does not indicate resorption
rate and values may be raised as a result of reduced
bone formation leading to incomplete filling of
normal resorption cavities. The biochemical indica-
tors of bone resorption measured in this study,
namely serum iPTH and urinary calcium/creatinine
ratio were similar in patients and controls, although
two patients had raised iPTH concentrations and
urinary calcium creatinine ratios were increased in
five patients. The most compelling evidence against a
contribution by increased bone resorption to the
bone loss seen comes from the measurements of
mean interstitial bone thickness, which reflect the
amount of bone at the BMU level which has under-
gone resorption in the past (Fig. 2), values for mean
interstitial bone thickness in the patient group being
extremely similar to those of controls. This differs
from the finding that, in patients with primary biliary
cirrhosis, values for mean interstitial bone thickness
were significantly decreased, indicating that resorp-
tion had been increased in the past.'5
The relative contributions made by liver disease

and corticosteroid therapy to the bone loss seen
cannot be assessed in a study of this kind. Most
patients in this study were also receiving azathio-
prine; however, no effect of this drug on bone
remodelling has been reported. The decreased bone
formation and increase in total resorption surfaces
observed in the present study are compatible with
changes reported in corticosteroid induced bone loss
in patients with normal liver function,35828 as well as
in non-steroid treated patients with chronic liver
disease." 4 The evidence for increased activation of
remodelling sites, however, reported in some studies
of corticosteroid osteoporosis, with an increase not
only in total resorption surface but also in osteoid
surface4 21 and tetracycline labelled surfaces28 was not
encountered in the present study. The observation
that spinal trabecular bone mineral content, mea-
sured by quantitative computed tomography is lower
in patients with steroid treated CAH than in those
with other forms of chronic liver disease29 provides
indirect evidence that corticosteroid therapy may
exacerbate the bone loss associated with chronic liver
disease. The demonstration that bone loss associated
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with steroid treated CAH is predominantly a result of
decreased bone formation suggests that the role of
agents which increase bone formation - for example,
sodium fluoride, should be evaluated in these
patients.

The authors thank Advisory Services (Clinical and
General), Roba Pharmaceuticals Limited and the
Special Trustees, St Thomas' Hospital for general
financial support. We thank Dr Roger Williams for
allowing us to study his patients.
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