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Abstract

Background: Bone is a dynamic tissue and undergoes anabolic and catabolic turnover through action of
basic multicellular units of osteoblasts and osteoclasts known as bone metabolic units. Bone-specific
alkaline phosphatase (BAP) is a specific marker of osteoblasts and gives a measure of bone forming
activity. The tibial fracture is a good model for studying fracture healing in clinical setting because of its
frequency of presentation.

Methodology: A study to evaluate the changes in BAP levels during healing of isolated closed tibial
shaft fracture was conducted by including 25 healthy adults of age 18 to 45 years. Normal fracture
healing time was defined to be 6 months in a tibial shaft fracture. The patients having any systemic
condition, disease, and/or drug intake affecting bone turnover were excluded. All the fractures were
treated with closed reduction. Follow up was done at every 4 weeks till 6 months of injury to look for
clinic-radiological signs of fracture union. Biochemical monitoring was done at time of injury, 4, 8 and
12 weeks. BAP was measured using enzyme immunoassay.

Observation: All the fractures united. The baseline value of BAP was 16.9+6.94 U/L and it increased by
40.8% at 4 weeks (p=0.005), by 71% at 8 weeks (p=0.001) and 93.2% by 12 weeks. BAP and ALP were
significantly increased from baseline (p = 0.005 and p = 0.001) in the 21 patients with sticky fracture site
as compared to slightly decreased levels in the remaining 4 cases demonstrating mobility in both planes
at 4 weeks. BAP and ALP levels at 8 weeks are significantly higher in the 10 patients having visible
callus at 8 weeks as compared to the 15 patients having no callus visible at 8 weeks (p=0.041 &
p=0.031).

Conclusions: The rise of the marker paralleled the clinic-radiological signs of fracture healing such as
absence of mobility at the fracture site and appearance of callus at fracture site at 8 weeks. The bone
turnover markers are suggested as a non-invasive aid for monitoring fracture healing complementing the
clinic-radiological evaluation.
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1. Introduction

Clinical examination and radiographic imaging in combination, is considered as the gold
standard for monitoring fracture healing. But early detection of a slow healing or a non-healing
fracture is not possible with these methods alone 1. An understanding of the changes in the
bone turnover markers (BTMs) during fracture repair is of interest since this could lead to the
development of new methods of early detection of fractures at risk of delayed or non-union 21,
Bone turnover can be demonstrated quantitatively by measuring of a number of molecular
markers 1. The ‘bone turnover markers’ (BTMs) are 1) bone-resorption markers, 2) osteoclast
regulatory proteins and 3) bone formation markers. Bone-specific alkaline phosphatase (BAP)
is a specific marker of osteoblasts and gives a measure of bone forming activity FI. The tibial
fracture is a good model for studying fracture healing in clinical setting because of its
frequency of presentation [,

2. Materials and Methods
2.1 Study Design
A prospective, non-random, observational study to evaluate the changes in serum bone-
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specific alkaline phosphatase levels during healing of isolated
tibial shaft fractures was conducted in the department of
Orthopaedics and the department of Biochemistry, University
College of Medical Sciences and Guru Tegh Bahadur
Hospital, a tertiary care hospital in Delhi, India. 25 healthy
adults (age 18 to 45 years) with closed fracture tibia were
included. Patients with any systemic condition, disease,
and/or drug intake affecting bone turnover in any manner
were excluded from the study. All the fractures were managed
conservatively by closed reduction and plaster cast
application. Venous sample were obtained on the day of
injury, 4 weeks, 8 weeks and 12 weeks post trauma. The
serum was stored at-40 °C. Samples were analyzed for BAP
by Microvue™ Bone-specific alkaline phosphatase enzyme
immunoassay [* 3. Total ALP was measured on autoanalyzer
by IFCC recommended kinetic method at 0, 4 and 8 weeks.
Patients were followed up for 6 months with clinical and
radiological examination at every 4 weeks up to 24 weeks.
The clinical criteria to assess fracture union were absence of
pain or tenderness when weight-bearing, absence of pain or
tenderness on palpation or examination, and ability to bear
weight and absence of mobility at fracture site in both planes.
The plain radiographic criteria are bridging of fracture by
callus or bone or trabeculae and bridging of fracture at three
cortices and obliteration of fracture line and/or cortical
continuity. Delayed union was defined as absence of clinical
and radiological signs of healing by 6 months (61,

2.2 Statistical Analysis

www.orthopaper.com

The elevation in the mean levels of BAP from baseline at 4, 8
and 12 weeks was compared using Wilcoxon Signed Ranks
Test. The BAP levels in patients grouped according to clinic-
radiological parameters such as tenderness at fracture site,
weight bearing with or without support and presence of
bridging callus on x-ray at different time intervals were
compared using Mann Whitney test between groups and by
Wilcoxon Signed Ranks Test for serial change in same
patients.

3. Results

3.1 Patient Demographics

The patients comprised of 23 males and 2 females with a
mean age of 30.4 years (18 to 45years). The most common
mode of injury was road traffic accident accounting for 15 of
the cases. Other modes of injury included household injury
(6), fall from height (2) and physical assault (2). 19 patients
suffered high energy trauma while 6 patients had a low
velocity injury. All these fractures healed within 6 months of
injury as evaluated by clinical and radiological methods.

3.2 BAP & ALP Measurement

The mean value of bone specific alkaline phosphatase was
16.946.94U/I at baseline, and rose significantly (p=0.005) by
40.8% to a 23.8+£10.49U/1 at 4 weeks. The level reached
28.9+13.42U/1 at 8 weeks a 71% increase from baseline
(p=0.001) and to 32.4+14.32 U/l by 12 weeks showing a
93.2% increase (Table 1 & Figure 1). Similar trends were
seen in total alkaline phosphatase levels. (Table 1)

Table 1: Changes in BAP and ALP levels

BAP (U/L) ALP (U/L
Dayl 4 wks 8 wks 12 weeks Dayl 4 wks 8 wks
Mean 16.89 23.80 28.90 32.4 75.36 96.52 103.92
SD 6.94 10.49 13.42 14.32 24.02 23.38 36.85
% increase and p value (from baseline) 40.8% 0.005|71.0% 0.001] 93.2% 0.001 28.1% 0.001] 37.8% 0.002

Wilcoxon Signed Ranks Test (significant at p<0.05)
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Fig 1: Box plot showing changes in level of bone specific alkaline phosphatase (BAP) at 0, 4, 8 and 12 weeks since injury
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3.3 BAP and ALP levels in Relation to Mobility at site (mobility in one plane only). Whereas levels slightly
Fracture Site (Clinical Assessment) decreased in the remaining 4 cases demonstrating mobility in
BAP and ALP were significantly increased from baseline (p = both planes at 4 weeks (Table 2).

0.005 and p = 0.001) in the 21 patients with sticky fracture

Table 2: Changes in BAP and ALP in relation to mobility at fracture site at 4 weeks

- . % change and p value
Mobility at Fracture Site at 4 weeks No. of Cases BAP 0-2 weeks ALP 0-4 weeks
Fracture sticky 21 67.2% average increase, p=0.005 54.2% average increase, p=0.001
Fracture displaceable 4 32.4% average decrease, p=0.465 10.1% average decrease, p=0.934

Wilcoxon Signed Ranks Test (significant at p<0.05)

Similarly, at 8 weeks fracture site was non deformable in 22 Whereas the rise was not significant in the 3 cases which had
patients and there was significantly higher rise of both bone displaceable fracture at 8 weeks (Table 3).
specific and total alkaline phosphatase in these patients.

Table 3: Changes in BAP and ALP in relation to mobility at fracture site at 8 weeks

. - % change and p value
Mobility at fracture Site at 8 weeks| No. of cases BAP 0-8 weeks ALP 0-8 weeks
Fracture not Deformable 22 107.3% average increase, p=0.001 74.2% average increase, p=0.002
Fracture Deformable 3 32.4% average increase, p=0.593 28.7% average increase, p=0.655

Wilcoxon Signed Ranks Test (significant at p<0.05)

3.4 BAP and ALP Levels in Relation to Callus Formation the 15 patients having no callus visible at 8 weeks. (Table 4
at Fracture Site (Radiological Assessment) and Figure 2). Serial radiographs of a patient are shown in
BAP and ALP levels at 8 weeks are significantly higher in the figure 3.

10 patients having visible callus at 8 weeks as compared to

Table 4: Changes in BAP and ALP in relation to call us at fracture site at 8 weeks

Callus at 8 weeks
Level of Marker at 8 weeks Absent (n=15) Present (n=10) p value
BAP 24.73+13.26 35.14+11.60 0.041
ALP 90.73+29.10 123.70+39.76 0.031

Mann Whitney test (significant at p<0.05)
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Fig 2: Line diagram showing changes in level of bone specific alkaline phosphatase (BAP) in relation to presence of callus at 8 weeks since
injury
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A. DAY 1, BAP=11.9U/L
4 WKS, BAP=28.3U/L

C. 12 WEEKS

B.8 WKS,BAP=52.1U/L

D. 20 WEEKS

Fig 3: Radiological assessment of fracture healing- A. At 4 weeks of injury, B. At 8weeks, C. At 12 weeks, D. At 20 weeks.

4. Discussion

4.1 Demographics

The patients comprised of 23 males and 2 females with a
mean age of 30.4 years (18 to 45 years). The most common
mode of injury was road traffic accident accounting for 15 of
the cases. None developed delayed or non-union in the follow
up period of 24 weeks.

4.2 BAP and ALP levels

Significantly raised levels of bone specific alkaline
phosphatase at 4, 8 and 12 weeks after fracture signify the
increased osteoblastic activity occurring at the fracture site.
The rise in levels of the marker was consistent with various
previous studies [ 722, The time of maximum rise of the level
in most cases was from 8-12 weeks which is also consistent
with previous studies ['-12

4.3 Correlation with Clinico-Radiological
Fracture Healing

Correlation between clinical and radiological signs of fracture
healing with the levels of bone specific alkaline phosphatase
was done. Absence of fracture site mobility at 4 and 8 weeks
was associated with significantly higher levels of BAP from
baseline in same patients (table 2 and 3). Radiologically callus
was visible across the fracture site in 10 of the cases at 8
weeks. The time of appearance of visible callus at the fracture
site correlated with the rise in levels of bone specific. These
patients had significantly higher BAP levels (table 4 and
figure 3). The consolidation of fracture callus by
mineralization of soft callus is demonstrated by the raised
levels of serum bone specific alkaline phosphatase. BAP
levels correlate well with the callus formation at fracture site
and thus can be useful tool for monitoring of mineralization

Signs of

and fracture healing. Failure of BAP levels to rise at 4 and 8
weeks can be used as tool to more aggressively treat for
impending delayed or non-union.

4.4 Atypical Trends in Serial BAP Levels

In four of the cases of our study the level of bone specific
alkaline phosphatase decreased from the baseline level at 4
weeks post injury (table 2 and figure 4). This could be due to
increased osteoclastic activity across the fracture ends
compared to osteoblastic activity. The fracture disrupts the
blood supply of the bone and the fracture ends undergo a
phase of resorption to remove the necrotic bone. This may
also signify a delayed osteoblastic response in these patients.
However, no significant delay was noted among these patients
in time taken for fracture healing clinically or radiologically.
The level of bone specific alkaline phosphatase demonstrated
a rise between 4 weeks to 8 weeks in these cases showing that
osteoblastic activity was present at that time. The fracture
callus was consolidating during this period and normal
fracture healing was seen (figure 4). In five of the cases of our
study the level of bone specific alkaline phosphatase
increased at 4 weeks but declined during 4 weeks to 8 weeks
period to again rise by 12 weeks. This may be explained by a
depressed mineralization of the soft callus by calcium
hydroxyapatite crystals to form the hard callus. This can be
correlated radiologically with an absence of a visible callus
across the fracture site at eight weeks duration. However,
clinico-radiologically there was no significant delay in
fracture healing in these patients. They were able to bear
weight without support at 16 to 20 weeks of the injury and
visible callus was present across the fracture site during the
subsequent weeks as seen in the skiagram. None of the
patients developed delayed or non-union in our study.
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B. 4WKS,BAP=8.4U/L

C. 8 WKS, BAP=13.9U/L

D.16 WEEKS

Fig 4: Serial skiagram of a case demonstrating the changes of BAP with fracture healing. A. At the time of injury, B. At 4 weeks, C. At 8 weeks,
D. At 16 weeks.

4.5 BAP and ALP in Fracture Healing

Bone as a living, dynamic tissue undergoes anabolic and
catabolic turnover through the action of basic multicellular
units of osteoblasts and osteoclast known as the bone
metabolic units (BMU). These processes are also activated in
fracture healing, metabolic bone diseases and bone neoplasms
(1. 2 Alkaline phosphatase is a marker elevated in all
mineralizing tissues. The function of alkaline phosphatase is
not exactly clear, the condition hypophosphatasia, in which
the enzyme is lacking is characterized by osteomalacia,
suggesting that it has a role in the mineralization of newly
formed bone 3. High ALP levels and an increased rate of
matrix vesicle production are found in cartilage prior to
matrix calcification [ %1, Expression of ALP mRNA is
highest 10 to 14 days after fracture in fibrous tissue cells
adjacent to newly formed bone, as well as in osteoblasts on
the surface of newly formed trabecular bone, but not in the
hematoma during the inflammation phase of fracture healing
1161, However, alkaline phosphatase is also found in liver,
intestine, and placenta. Therefore we used the skeletal isoform
of alkaline phosphatase to monitor fracture healing [,
Assays of BAP have been developed using electrophoresis,
isoelectric focusing, lectin precipitation, and immunoassay
techniques. Immunoassay is the method of choice because of
high specificity and satisfactory precision 81 An increased
specificity of monoclonal antibodies for small differences in
the molecular structures of antigens forms the basis of further
differentiation and specification of ALP isoenzymes among
tissues. ALP assays are characterized by minimal diurnal
variation 8, Measurement of total alkaline phosphatase is
useful when the amount from bone is exceptionally high (such
as in Pagets disease of bone and bone forming tumors such as
osteosarcoma). Because of the multiple sources of origin and
the fact that the bone isoform is usually not increased in
osteoporosis and other metabolic bone diseases, total alkaline
phosphatase has not enjoyed widespread use as a bone

remodeling marker B, The bone isoform demonstrates a
maximum level of activity in the first 6 months of life, falling
to a short plateau period between 2 and 9 years rising to a
variable degree around the time of puberty before falling to
adult levels about the age of 18-20 years [> 1921, Conditions
such as osteomalacia and vitamin D deficiency result in
increased levels of ALP despite decreased bone formation.??
Evidence has been provided for the stimulating effect of
vitamin D3 and its metabolites (1, 25-
dihydroxycholecalciferol and 24, 25-
dihydroxycholecalciferol) on ALP expression in osteoblasts in
vitro and in vivo 231, A cross-reactivity of approximately 15%
between liver and bone ALP can affect measurements in
individuals with high liver ALP [?4,

5. Conclusions

Thus, we conclude that the levels of serum bone specific
alkaline phosphatase correlates with clinico-radiological signs
of fracture healing in an isolated tibial diaphyseal fracture.
There is a significant rise in the level of the bone formation
marker demonstrating an increased osteoblastic activity. The
presence of callus at eight weeks also correlates with the level
of bone specific alkaline phosphatase suggesting its role in the
mineralization of the callus and consolidation of the fracture.
The bone turnover markers are suggested as a non-invasive
aid for monitoring fracture healing °. These may help in the
assessment of progression of a fracture to union,
complementing clinico-radiological methods. However,
further studies in this direction can through more light on the
complex process of bone healing and the balance between
bone formation and resorption to assess the status of BAP
levels in patients progressing to non-union or delayed union.
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