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ABSTRACT

In routine clinical practice, bone healing progrissassessed clinico-radiologically. Furthermorés difficult to
identify the delayed and non-unions early, sometimgen with advanced imaging techniques. Thus asing the
morbidity of the patients. Serum biomarkers, sushakaline phosphatase (ALP) a marker of bone fiomamay be
useful in such caseSerum ALP levels were quantified at regular intesvial 50 adult patients with fresh closed traumatic
diaphyseal fractures of long bones. Regular foligmof these patients was done till either bone meiomaximum up to
the end of 09 month. Depending on the clinico-rdjical outcome, all 50 patients were allocate® D8 groups by the
end of follow up; Group A (n = 33): normal unionragsp B (n = 11): delayed union and group C (h= O&n-union.
Mean serum ALP levels followed the same pattergroup A and B, reaching a maximum level at posirtra 6th week.
But the mean levels of serum ALP at every selertttval was significantly higher in group A tharogp B till complete
union, later on it was higher in group B. In Gradpmean serum ALP level remained within normal térthroughout the
follow-up. So, the determination of serum ALP leveluring fracture healing could be an additional ia predicting
fractures at risk of delayed / nonunion, aiding thi@ician to prefer the early appropriate intertren at appropriate

period.
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INTRODUCTION

Fracture healing is a proliferative physiologicabgess to facilitate the repair of a fracture [Ihis process is
characterized by the production of a new organitrimae. osteoid and its subsequent mineralizatibms bridging the
gap between two bony fragments. This process aftura healing should be serially quantifiable / meaable [2].
Till date, there is no clinically validated methtmdmeasure healing progression. So a valid measnefor bone union is
desired to measure the bony union process. Thesjalues yielded by measurement should be on éconis numerical
scale [3]. However till now, clinicians watch fon &nd point of complete union without bothering étmcumenting the
values signifying progress of healing [4]. The pabitity of correct radiological evaluation of théage of union in
fractures of tibia has been shown to be only alfifiyt percent; thus, the radiographic assessmemtoisan optimum
method to assess the fracture healing, as shovendtydy on radiological evaluation of the stagembn in fractures of
tibia [5]. None of the present day available measwf union help in the early detection of problémshe bone healing
process, resulting into problems of bone union B&.the routine methods of diagnosis available mai/ be able to

identify the complications like delayed nonunioraatearlier stage leading to increased morbidifyatients.
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Furthermore, it is sometimes hard to differentiagiologically a delayed union from nonunion ateamly stage
without the use of more advanced imaging technigsiesh as nuclear scintigraphy, which are stillilaée at only few
centers in India [7]. So, the assessment of spdwifne formation markers, such as ALP at regularials may be used in
evaluating the progress of fracture healing pro¢@s$®]. In one study, it has been observed thatrsebone ALP and
creatinine corrected urinary collagen crosslinkseagignificantly higher among women who sustainadoateoporotic

fracture compared with those women who did notfracture [10].

In a study, serum ALP activity was found positivelyrrelated with the long bone fractures’ healinggpess in
dogs. Serum phosphorus and calcium changes foll@vetbportional and inverse pattern to ALP charigethe same
study respectively [11]. In another study, the ajemin total alkaline phosphatase in femoral aoch@ntric fractures had
been found to be more in trochantric fractures theck fractures and both fractures expressed siyniiar serum ALP
post-operatively [12]. With this background, we bifpesised that the serum alkaline phosphataseslsueigest the bone
forming activity (responsible for both, bone matfixmation and its mineralization), thus its sesafum estimations will
correlate with progression of fracture healing psscand may predict the fracture healing outcomgeedl his work was

undertaken to evaluate the relationship betwedalssrum ALP levels and fracture healing outcome.
MATERIALS AND METHODS

Total 50 patients of age group 18 to 45 years wlitised, traumatic, fresh (< 7 days) diaphyseattiras of long
bones managed surgically were included in thisystud

Exclusion Criterion

« Patient with polytrauma

Pathological fractures

* Pregnant woman

* Immunocompromised patients

» Patients on oral contraceptives and immunosupmesisugs,

« Patients with uncontrolled diabetes, Hepatobillidiseases, Inflammatory bowel disease and thosewene not

willing to give consent for inclusion in the study.

2ml of peripheral venous blood was collected in BDWials. Quantitative estimation of serum ALP aittiv
(at pH-10.4, Temp-37°C) was done spectrophotonalyi¢405nm) using p-Nitrophenylphosphate as a tsatesand other
reagent provided by BEACON. The sample was processstandardized manner under set protocol irdégartment of
biochemistry, New Medical College and Hospital, &otSerum ALP estimation of each patient was deaeoperatively,

2" post-operative day, at 3week, 6 week, 3month ainadr®nth.

Gentle clinical examination of the fracture sitesvetone at 6th, 10th week, for the assessment kifi-cendition,
abnormal mobility, bony tenderness, transmitted emoents. Patients were evaluated radiologically"aaré 10th week.
Further, management decisions were taken by thewestigators. Based on the clinico-radiologicatcome, patients

were divided into 3 groups — Group A:(normal unichiico-radiological union achieved by the enddéf months, Group
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B:(delayed union) clinicoradiological union not cpleted by the end of 06 months but completed byetieof 09 months
and Group C: (non union) clinico-radiological heglinot completed even by the end of 09 months.icily union was
defined as the stage when the fracture site wadgzai (no tenderness), motionless (no abnormallityppivith presence
of transmitted movements. Radiologically union veasd to be achieved when bony callus was evidenatoleast 3

cortices in standard AP and Lateral views.

The mean values of serum ALP, serially recordedbuphout the follow up period, were compared.
Data was estimated on excel sheet and analysei$tistly. Quantitative data was summarized in floem of
MEAN % SD and results on categorical measuremergpeesented in Number (%). Serial Serum ALP leeélgatients
of all the groups were compared by standard effrdifierence between means. Results on categarealsurements were
compared by standard error of difference betweepgitions. The level of significance was kept 9586 dll statistical

analysis.
RESULTS AND DISCUSSIONS

Total 50 patients were enrolled in this study, wiwre allocated into group A (N = 33), group B (NL%) and
group C (n = 6), depending on the progression,taurand type of bone healing. The average ageafgA was 35.4
(range 18-45) years, group B was 40 (range 22-ZFrsy and was 38.2 (range 30.6 — 39.7) years foupgl@.
The difference between the mean ages of these gwwap not found to be significant. The mean adeagsture at the time
of admission in these groups was 1.6 (range 1-4%,da4.3 (range 1-2) days and 1.8 (range 1-3) dagpectively
(the difference between the age of fracture at asiom was insignificant). The bony healing occurred 19.2
(range 18 — 22) weeks in group A and at 30 (range- 33) weeks in group B. The mean serum ALP lexeisained
within normal limits (45-120 U/L) in all patients the time of admission. The variation in ALP serlawvels followed the
same pattern in group A and B, reaching a maxinmewallat 6th week in both groups{figure 1} (maximunean of group
A 437.8 U/L and of group B 307 U/L). Serum ALP l&safter being elevated significantly till 6 weedksclined to normal

range at clinico-radiological union in group A.

In group B mean serum ALP levels were found toibaiicantly elevated even till 06 months. Till bpranion,
at every interval, the mean values of serum ALBrofip A were significantly higher than that of gooB. The changes in

mean serum ALP levels in group C were never sicguifi and remained within normal limits throughaaitdw up.

Fracture healing is a proliferative physiologicedbgess to facilitate the repair of a fracture. ieailinicians have
relied on clinicoradiological evaluation methodd these methods lack objectivity and are not rédiaBone formation
markers as ALP can serve as an accurate, preeisle, reproducible, patient — doctor friendlylaost effective method

to measure fracture healing objectively.

Normal fracture healing is generated by increasisigoblastic activity. There is secretion of laggmntities of
ALP by Osteoblasts, that is involved in the forroatof bone matrix and its mineralization [8]. AL believed to either
increase the concentration of local inorganic phasp or neutralize inorganic pyrophosphate, whglan inhibitor of
hydroxyapatite crystal formation [13-14]. Althoughrum ALP levels correlate well with the procesdratture healing,
the bone isoenzyme of ALP (BALP) is considered nepecific marker for bone formation [8]. The inctrs criteria set
for this study eliminated the possibility of oth&tP isoenzymes being responsible for the signifidaoreases in ALP

levels in these enrolled cases.
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APPENDICES

meanALP level in different groups
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Figure 1: Mean Alp Levels in Different Groups during Follow-Up
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