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ABSTRACT
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Background: Fracture healing is different from other tissue healing by the absence of a scar at the
healing end. The fracture can heal by primary healing or secondary healing depending on the type of
treatment offered. Callus formation is an integral part of secondary fracture healing. Material and
methods: We Compared the callus tissue formation during healing of tibial diaphyseal fracture treated
by the conservative method and intramedullary nailing (IMN). C T Scan is used to take a serial
measurement of callus index at fixed intervals and compared between the two groups. Results: The onset
of callus formation is early in case of conservatives treatment as compared to intramedullary nailing is
the most striking feature. Whereas maximum callus formation at 6 months is more in case of
intramedullary nailing when compared to conservative groups. Conclusion : The appearance of the
callus tissue is influenced by intramedullary nailing but growth of callus has more rapid accent in case
of IMN group compared to POP group which persisted up to 6 months and at the end of 6 month
maximum callus reached was more in Nailing cases. Though number of complication is more in this
method of treatment.
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INTRODUCTION

Fracture of lower limb bones are among most remodelling (2). Hunter also agreed with

common fractures. Tibia being the subcutaneous
one is more prone to fracture. As a long bone at
has both cancellous and cortical bone component
where healing occurs by different methods.

How the bone heals, amongst the -earliest
theories, the theory of Albrecht Haller says bone
was deposited from vascular networks around the
injured zone (1). Hunter classified the bone
repair into four stages consisting of
inflammation, soft callus, hard callus. and

Albrecht Haller's theory of bone deposits form
vascular networks.

H.L. Duhamel proposed that bone was formed
form cambium layer (3) of periosteum. Others
Like John Belchier and John Goodsir
emphasized osteoblasts as main bone healing
cells (4) and W MacEwen said preservation of
periosteum not so relevant in healing. Contrary
to them Louis Xavier Ollier Proposed all three
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bone marrow, bone and periosteum take part in
bone healing.

To be able to heal, the bone must at some point
of time be brought to rest relative to one another.
This immobilization is brought naturally by
muscle spasm and cellular proliferation.
Charnley (5) pointed out the restrictive effect of
the cellular proliferation will be greatest if
accumulation occurs external to the bone. So
callus has basically two functions immobilization
and bony bridging. According to one theory (6)
the callus tissue arises from the specialized
osteoprogenitor cells (7) which are present on all
endosteal and periosteal surfaces. An alternate
theory in its extreme form (8) argues that the
new tissue arises not from bone but from
specialised connective tissue cells in the region
of fracture which are induced into osteoblast.
other have pointed out that these two theories are
not mutually exclusive rather both coexist
simultaneously (9)

Healing in cancellous bone differs in many ways
from that in cortical bone as demonstrated by
Charnley and Baker(10)

Factors influencing callus formation can be
mechanical (11, 12), hormonal (13) and
Anatomical factors (5). Anatomical factors like
distraction has a dramatic effect on the formation
of callus and bone healing (5). Rhinelander again
described the importance of soft tissthe ue
preservation in the healing of fracture (14)

With the knowledge of callus formation and
effect of stability on it, Newer methods of
fracture stabilization invented. Healing under
conditions of rigid immobilization modifies the
process. Danis in 1949 is the Ist to document
this and coined the term 'Soudure autogene' or
primary bone healing. it occurs when fracture
fragments are reduced anatomically and fixed
rigidly (15) with participation from periosteum,
external soft tissue or bone marrow (16).

Intramedullary nailing ushered new era in
treating diaphyseal fractures Nicolaysen in 1897
performed intramedullary nailing of femur (17).
Kuntscher in 1939 made it more popular with V-
shaped nail (18).

Callus measurement is not the most accurate
method of quantification of fracture healing but
the presence of callus can be related to the
clinical assessment of fracture healing (19,20)
measuring callus by plain radiographs earlier
described by Spencer (21). Oni et al (22)
measured callus index and calculated callus
volume.

Callus index can be described as the ratio of
maximum callus diameter to bone diameter at the
same level on callus. Plain radiograph's
usefulness is limited by interobserver variability
of the interpretation (23).

Callus Index = bla

Fig. 1 A diagram of the method used to determine the callus index is
shown. The callus index = b/a.

C T Scan with three dimensional reconstruction
of the callus seems a better technique to quantify
the healing (24, 25).
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We have measured the callus index treated by
conservative method (POP) and intramedullary
Nailing (IMN) of tibial diaphyseal fractures at 1
month, 3month and 6 month using the three
dimensional CT Scan. As callus tissue increases
with time and reaches a peak before starting of
remodeling process, we are able to quantify the
callus tissue and comparison between the two
groups give an insight to the type of healing
process occurring.

MATERIALS AND METHODS

Patients are chosen from the records of operation
theatre for intramedullary nailing and from OPD
and plaster room for conservative management
from department of Orthopedic, Sawai Mansingh
Medical College Jaipur. Patients were informed
about the study and consent taken. 30 patients for
each group were selected. All the participants are
within the age limit of 18-60 years. Open
fractures are excluded from the study as well
those with history of smoking, head injury,
psychiatric illness, steroid intake and other
medication that has potential interference on
bone metabolism. All the fracture are of
diaphyseal location.

Patient follow up done and the callus tissue
measurement done at 1 month, 3 month and 6
month CT Scan (Philips ingenuity 128 slice)
used to measure the callus diameter with help of
osiriX software. Digital analyses of the CT
excluded interobserver variation . Callus index
is measured by dividing maximum callus
diameter with the bone diameter at the same
level. Both anteroposterior and mediolateral
indices documented. Data compilation done
using Microsoft excel 2007 software. statistical
analysis was done with SPSS, version 21 for
Windows statistical software package (SPSS,
Inc, Chicago, IL, USA). The categorical data was
presented as numbers (percent) and were
compared among groups using Chi-square test.

The quantitative data was presented as mean and
standard deviation and were compared by
students t-test. Probability was considered to be
significant if less than 0.05.

RESULT

The mean age of the subjects in the POP group is
34.83 and in IMN group was 33.03 with SD of
10.85 and 13.47 respectively. minimum age in
both is 18 years and the maximum is 60 years in
IMN group and 56 years in conservative groups.
More than 75% of the persons are between 18 to
40 years. Total 9 females were included in a
study out of which 4 were treated by
intramedullary nailing. Road traffic accident is
the most common form of injury amounting from
72% up to 77% of cases. 30% of cases in the pop
group are BPL which is nearly 1.7 times more
than the operative group.

At end of 1 month, None of the intramedullary
nailing cases has developed callus both
Anteroposterior and mediolateral. Where as at
one month POP group has mean Anteroposterior
diameter index of 1.02 with SD of 0.02 (P Value
0.0001). Mediolateral callus index for the POP
group has a mean of 1.007 with SD 0.02 (P value
0.04). 56 % of the POP group developed
measurable callus at end of one month.

3 months measurements showed 27, IMN group
had developed callus with a mean of 1.41 for AP
diameter and 1.32 for ML diameter. Mean for
POP groups was 1.16 and 1.12 respectively
(Both have P-value <0.001). One person has
implant failure within 1st two months. Which
needed revision surgery.

AP and ML callus index mean at 6 months were
1.19 and 1.14 in a POP group. Same for IMN
were 1.57 and 1.52. 2 person with interlocking
nail never developed callus within 6 months One
has undergone Dynamization.
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Comparison of Anteroposterior Callus Index

among the group Table 1
IMN POP P value
Mean SD Mean SD
1 1.00 0.0 1.02 0.02 0.0001
month
3 141 0.18 1.16 0.07 p<0.001
month
6 1.57 024 1.19 0.06 p<0.001
month
FIGURE 2
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Comparison of Mediolateral Callus Index
among the group Table 2
IMN POP P value

Mean SD Mean SD

1 1.00 0.00 1.007 0.02 0.04
month

3 .32 0.13 1.12 0.05 p<0.001
month
6 .52 020 1.14 0.06 p<0.001

month

DISCUSSION

Callus formation occurs in secondary bone
healing. Various studies have emphasized the
role of periosteum (3) and connective tissue (8)
in the production of this callus. External callus
formation it self sufficiently not indicative of
healing eg. hypertrophic non-union produces
exuberant callus (26). Rather cortical bridging is
a better predictor of healing (27).

We chose mostly stable transverse fractures
(84%) for conservative management and 66% of
the group where with intact fibula. So
randomization was not possible from ethical
point of view.

Digital image analysis done which improved the
accuracy of the measurements (28). Most
significant observation at end of 1 month is no
nailing case developed callus tissue in
comparison to POP group where 56% developed
the same. significant difference
Anteroposteriorly. (P value 0.0001) but
mediolateral measurement have less significant
difference in mean.

callus tissue formation depends on intact
periosteum (3) as well as surrounding connective
tissue (8, 9), intramedullary nailing destroys the
medullary blood supply through periosteum
remains intact.

One with nailing had an implant failure within
Ist 3 month, Needing revision surgery. Two
IMN cases did not develop callus even after end
of 3 months. Remaining 27 had well developed
callus with mean index 1.41 along AP and 1.32
Mediolaterally which is higher than POP group
indices along AP and ML diameter (P-value
<0.001) Through intramedullary fixation
destroys the endosteal blood supply initially
rapid regeneration can occur (10). Low strain
environment like too rigid fixation and wide
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fracture gap are averse to callus tissue formation
(29

All through the observation till end of 6 month
we noticed an increase in both AP and ML mean
callus formation. Expect two cases where no
callus seen. The difference between callus index
for POP and IMN at 24 weeks was significant.
We can not determine the maximum callus index
in both the cases which can be correlated to stat
of remodeling (30) because callus index never
declined. Clearly IMN produced more callus
than POP group. Loading and micromotion at the
fracture site has profound effect on the callus
formation as evidenced by studies (31,32).

FIGURE 3
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CONCLUSION

So final analysis of the study showed striking
difference in the behaviour of callus tissue
between these two procedures. Ist the
appearance of the callus tissue is influenced by
intramedullary nailing but growth of callus has
more rapid accent in case of IMN group
compared to POP group which persisted up to 6
months and at the end of 6 month maximum

callus reached was more in Nailing cases.
Though number of complication is more in this
method of treatment.

Our study never compared the healing itself as
only presence of external of periosteal callus is
not criteria for fracture healing. Rather it proves
fixation of fracture by intramedullary device also
heals by secondary intention.

REFERENCES

1. Haller A. Experimenta de ossium formatione.
In: Opera Minora. Lausanne; 1763.

2.  Hunter J. In: Palmer JF, ed. Collected Works.
4 vols. London: Longman Rees; 1837.

3. Duhamel HL. Sur le development et la crue
des os des animeaux. Histoire et Memoires De
I’ Académie Des Inscriptions et Belles Lettres.
1742;2:481.

4. Belchier J. Account of the bones of animals
being made red by aliment only. Phil Trans
London. 1736;442:287.

5. Charnley J 1970 The closed treatment of
common fractures , 3rd edn. Livingstone,
Edinburgh

6. Ham A W 1969 Histology , 6th edn. Lippincott,
Philadelphia and Toronto

7. Owen M 1970 The origin of bone cells .
International Review of Cytology 28:213-238

8. Leriche R, Policard A 1928 The normal and
pathological physiology of bone : its
problems. Translated by Moore S, Key J A .
St Louis, C V Mosby

9. McKibbin B 1978 The biology of fracture
healing in long bones . Journal of Bone and
Joint S urgery 60-B:149-162

10. Charnley J, Baker S L 1952 Compression
arthrodesis of the knee. A clinical and
histological study . Journal of Bone and Joint
Surgery 34-B: 187-199

11. Bassett C A, Herrmann I 1961 Influence of
oxygen concentration and mechanical factors
on differentiation of connective tissue in vitro.
Nature 190:460-461

12. Muller M E, Allgower M , Willenegger H

1965 Technique of internal fixation. Springer-
Verlag, Berlin, Heidelberg, New York

Int.j.med.sci.educ. Oct-December 2017; 4(4):371-376 www.ijmse.com

Page 375



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Moss M L 1960 aeaxperimental induction of
osteogenesis. In: Sognnaes R F (ed)
Calcification in biological systems . A
symposium presented at the Washington
meeting of the American Association for the
Advancement of Science, Dec. 29th 1958
AAAS Publication No. 64, Washington

Rhinelander F W 1974Tibial blood supply in
relation to healing. Clinical Orthopaedics and
Related Research 105:34-81

Jagodzinski M, Krettek C. Effect of
mechanical stability on fracture healing — an
update. Injury, Int J Care Injured
2007;38(S1):S3- S10.

Einhorn TA. The cell and molecular biology
of fracture healing. Clin Orthop Relat Res.
1998;355(Suppl):S7-S21.

Nicolaysen J 1897 Lidt om Diagnoses og
Behandlingen av Fr. Colli femoris. Nordisk
medicinskt Archiv 8:1

Kuntscher G 1940 Die marknagelung von
knockenbruchen.  Archiv  fur  klinische
Chirurgie 200:443

Sano, H., Uhthoff, H. K., Backman, D. S., &

Yeadon, A. (1999). Correlation of
radiographic measurements with
biomechanical test results. Clinical

orthopaedics and related research, 368, 271-
278.

Lack, W. D., Starman, J. S., Seymour, R.,
Bosse, M., Karunakar, M., Sims, S., &
Kellam, J. (2014). Any cortical bridging
predicts healing of  tibial shaft
fractures. JBJS, 96(13), 1066-1072.

Spencer RF. The effect of head injury on
fracture healing. J Bone Joint Surg Br.
1987;69:525-528.

Oni, O. O., Dunning, J., Mobbs, R. J., &
Gregg, P. J. (1991). Clinical factors and the
size of the external callus in tibial shaft
fractures. Clinical orthopaedics and related
research, 273, 278-283.

Blokhuis, T.J., De Bruine, J.H.D., Bramer,
JLAM., Den Boer, F.C., Bakker, F.C., Patka,
P., Haarman, H-T.M. and Manoliu, R.A,,
2001. The reliability of plain radiography in
experimental fracture healing. Skeletal
radiology, 30(3), pp.151-156.

24.

25.

26.

27.

28.

29.

30

31.

32.

Den Boer, F.C., Bramer, J.A.M., Patka, P.,
Bakker, F.C., Barentsen, R.H., Feilzer, A.J.,
De Lange, E.S.M. and Haarman, H.J.T.M.,
1998. Quantification of fracture healing with
three-dimensional computed
tomography. Archives of orthopaedic and
trauma surgery, 117(6-7), pp.345-350.

Braunstein, E. M., Goldstein, S. A., Ku, J.,
Smith, P., & Matthews, L. S. (1986).
Computed tomography and plain radiography
in experimental fracture healing. Skeletal
radiology, 15(1), 27-31.

Miiller, J., Schenk, R.K., & Willenegger, H.R.
(1968). [Experimental histological
contribution to the development and treatment
of pseudarthrosis]. Hefte zur Unfallheilkunde,
94, 15-24.

Lack, W. D., Starman, J. S., Seymour, R.,
Bosse, M., Karunakar, M., Sims, S., &
Kellam, J. (2014). Any cortical bridging
predicts healing of  tibial shaft
fractures. JBJS, 96(13), 1066-1072.

Bould, M., Barnard, S., Learmonth, I. D.,
Cunningham, J. L., & Hardy, J. R. (1999).
Digital image analysis: improving accuracy
and  reproducibility = of  radiographic
measurement. Clinical Biomechanics, 14(6),
434-437.

Perren, S. M., & Cordey, J. (1980). The
concept of interfragmentary strain. Current

concepts of internal fixation of fractures, 63-
77.

. Eastaugh-Waring, S. J., Joslin, C. C., Hardy, J.

R. W, & Cunningham, J. L. (2009).
Quantification of fracture healing from
radiographs wusing the maximum callus

index. Clinical Orthopaedics and Related

Research®, 467(8), 1986-1991.

Sarmiento, A., McKellop, H. A., Llinas, A.,
Park, S. H., Lu, B., Stetson, W., & Rao, R.
(1996). Eftect of loading and fracture motions
on diaphyseal tibial fractures. Journal of
orthopaedic research, 14(1), 80-84.

Kenwright, J., Goodship, A. E., Kelly, D. J.,
Newman, J. H., Harris, J. D., Richardson, J.
B., ... & Rowley, D. I. (1986). Effect of
controlled axial micromovement on healing of
tibial fractures. The Lancet, 328(8517), 1185-
1187.

Int.j.med.sci.educ. Oct-December 2017; 4(4):371-376 www.ijmse.com

Page 376



