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ABSTRACTABSTRACT  
Background: Non-union of fractures is the body’s inability to heal the fracture. The objective of this study was 
to determine the outcome of chipping with bone grafting in complex non-union of bones.
Materials & Methods: This descriptive study was conducted in the department of Orthopedics, Khyber Teaching 
Hospital, Peshawar from June 2022 to January 2024. 103 patients admitted through OPD or emergency were 
included in the study. Data for the sample was defined by counts & percentages. 
Results:   At 6 months of follow up, 97(94.17%) patients achieved complete union & 6(5.82%) patients failed to 
achieve union & required further interventions. Five patients had Limb Length discrepancy of >2cm & 5 patients 
had knee stiffness in cases of Femoral non-union.
Conclusion: Chipping along with autologous bone graft is a very effective method in complex non-union of long 
bones. It is an easy & encouraging method for patients having non-union of long bones. 
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e.g., anatomic site (tibia its more common), fracture 
type (open fracture, comminuted fracture, high energy 
trauma & bone loss), patient habits (chronic smoker, 
alcohol abuse), chronic NSAIDs user or infection.4,6 
To aid in the healing of bones in fractures at the non-
union site, a variety of substances are used in addition 
to mechanical stabilization of bone. These include 
bone grafting (Autograft & Allograft), bone substi-
tutes (beta-tricalcium phosphate & hydroxyapatite), 
bone marrow aspirate from endosteal reaming, bone 
marrow concentrate & bone morphogenic proteins 
(BMP).7,8 Autogenous bone graft is considered as 
most valuable option in non-union & has been in use 
for decades. Approx. 2 million bone grafting procedure 
are performed worldwide each year.9,10 Bone grafting 
has osteoconductive, osteoinductive & even osteogen-
esis properties as well. Iliac crest is the most widely 
accepted source of bone graft having both cortical and 
cancellous bone. Both anterior & posterior iliac crests 
are an intrusive source of bone graft (approx. 30cc).11,12 
Chipping is also one of the methods used in non-
union of long bones. In this procedure both ends of 
the bone fragments are chipped in to small pieces. 
After chipping both ends of bone are approximated 
& shortening is done if required. This technique can 
be further aided with external fixators or Ilizarov for 

INTRODUCTIONINTRODUCTION
Non-union of fractures is the body’s inability to heal 
the fracture. FDA defines the fracture that persists 
for minimum of 9 months without signs of healing for 
three months.1 Non-union is divided into four types; 
Hypertrophic non-union, Oligotrophic non-union, 
Septic non-union & Atrophic non-union.2 Non-union 
tend to occur in approx. 2% of all fractures & 20% of 
all diaphyseal fractures.3 In UK the incidence of non-
union is estimated as 20 per 100,000 population & 
males of working age group are the most common.4 
The prevalence of tibial shaft non-union is 10-12% & 
that of femur is approx. 8%.5  
The non-union occurrence depends on several factors 
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correction of LLD or deformities correction i.e., an-
gulation or rotation as well.13 Watanabe et al.14 from 
Tokyo, Japan in their study found that 21 femoral 
non-union patients were managed with chipping 
& external fixator. All patients were completely re-
covered after one or two sessions of chipping. Aoki 
et al.16 from Aichi, Japan in their case report found 
that 87 years old patient having bilateral femoral 
pain & radiolucent fracture lines in diaphysis had a 
complete union following IMN along with chipping.  
Matsushita et al.13 in their study found union of five 
out of six cases with chipping technique without 
using bone graft.
Unawareness about the outcomes of chipping with 
bone grafting in complex non-union of bones was our 
research problem. Our research will help surgeons 
in the management of complex non-union of long 
bones.  The objective of this study was to determine 
the outcome of chipping with bone grafting in com-
plex non-union of bones.

MATERIALS & METHODSMATERIALS & METHODS
 This descriptive study was conducted in the depart-
ment of Orthopedics, Khyber Teaching Hospital, Pe-
shawar from June 2022 to January 2024. After taking 
approval from hospital ethical committee & informed 

consent from patients or attendants’ study was 
conducted. All adult patients having age >15years 
& non-union of long bones, confirmed clinically by 
no signs of healing i.e., pain and movement at the 
fracture site for nine months and radiologically no 
signs of healing for 3 months i.e., radiolucent line 
at the fracture site were included in the study. The 
exclusion criteria comprised patients unfit for surgery, 
patients with pathological fractures or having gap 
non-union of >4cm. 103 patients admitted through 
OPD or emergency were included in the study. 
All patients having complex non-union were oper-
ated with chipping and bone grafting with autolo-
gous cancellous graft. Appropriate fracture fixation 
technique was used including revision of implants 
& fixation. All patients were followed for at least 6 
months postoperatively. In follow up visit’s patients 
were evaluated for clinical markers of bone healing 
along with radiological signs of union. Data was ana-
lyzed using IBM-SPSS-V.25. Sex (men/women), age 
groups (≤ 40 years & >40 years) & types of bone 
involved in non-union were our qualitative variables 
& are described as MeanS.D. Categorical variables 
e.g., non-union of long bones & postoperative com-
plications e.g., LLD, knee stiffness, contracture will 
be defined by counts and percentages.   

  
Fig: Chipping in 38 years old male having femur non-union

   

Fig: PFN along with chipping and bone graft in complex non-union of femur



248

Muhammad Ismaeel, et al.

Gomal Journal of Medical Sciences. April - June 2025, Vol. 23, No. 2

RESULTS RESULTS 
Out of 103 patients, 89 (86.4%) were males & 14 
(13.6%) were females. There were 60 (58%) patients 
>40 years old & 43 (42%) patients ≤ 40 years old. 
Mean age was 42.5 years. 60 patients had tibial non-
union, 28 femoral non-union, 7 humerus non-union, 
3 radius/ulna non-union, 3 had isolated radius & 2 
had isolated ulna non-union. At 6 months of follow 
up, 97(94.17%) patients achieved complete union & 
6(5.82%) patients failed to achieve union & required 
further interventions. Five patients had Limb Length 
discrepancy of >2cm & 5 patients had knee stiffness 
in cases of Femoral non-union. 
Table 1: Outcomes of chipping method (n=103)

Groups Number (%age)

Outcome

Union 97(94.17%)

Non-union 6(5.82%)

Complications

Knee 
stiffness 5(4.85%)

LLD 
>2cm 5(4.85%)

Table 2: Various implants used in chipping 
method

Implants
Used

Types of Bones involved

Femur Tibia Humerus Radius Ulna

Ilizarov 20 53 2 1 0
PFLP/ 
DFLP 6 2 0 0 0

ILN 2 5 0 0 0
DCP 0 0 1 5 5
Locking 
plate 0 0 4 0 0

Total 28 60 7 6 5

DISCUSSIONDISCUSSION
Non-union of long bones is a quite challenging & 
serious complication of fractures. The complica-
tions associated with non-union i.e., bone defect, 
shortening, deformity & infection further complicate 
the management.15 The non-union incidence is 
5-10% in long bone fractures. Fractures which fail 
to show healing radiologically after 3 to 5 months 
are treated by surgical intervention.16 Atrophic non-
unions are particularly difficult to treat as compared 
to hypertrophic types, due to lack of vascularization 
& significantly decreased number of activated mes-
enchymal cells.17,18 Chipping with bones grafting 
is one of the effective methods in the treatment of 
complex non-union of long bones. In this method the 
surgeon chips the ends of non-union of both bones 
& an autologous cancellous bone graft taken form 

iliac crest is placed in between. It is hypothesized 
that in this technique stem cells having osteogenic 
capacity migrate from bone marrow which exist in 
extracellular matrix, participate in healing process. 
Cytokines such as Fibroblast growth factor (FGF) & 
Bone morphogenic protein (BMP) are also released 
from bone marrow.13,19 
In our study it was found that at 6 months of follow 
up, 94% patients had union at fracture site both 
clinically and radiologically while 6 patients had no 
union & needed further intervention. Five patients 
developed knee stiffness & five patients had LL-
D>2cm. The knee stiffness was present in patients 
operated through Ilizarov & its one reason was poor 
compliance of patients to physiotherapy. 
In literature there were few studies available on 
management of non-union by chipping & bone graft 
method. Chipping method is indicated in atrophic or 
oligotrophic aseptic non-union with gap less than 
4cm. Similar to our study, Watanabe et al.14 from 
Tokyo, Japan in their study found that 21 femoral 
non-union patients were managed with chipping & 
external fixator. They found complete healing after 
one or two sessions of chipping. Matsushita et al.13 
in their study found union of five out of six cases with 
chipping technique without using bone graft.

CONCLUSIONCONCLUSION
Chipping along with autologous bone graft is a 
very effective method in complex non-union of long 
bones. It is an easy & encouraging method for pa-
tients having non-union of long bones. 

REFERENCESREFERENCES
1.	 Cunningham BP, Brazina S, Morshed S, Miclau 

III T. Fracture healing: a review of clinical, imag-
ing and laboratory diagnostic options. Injury. 
2017 Jun 1;48(Suppl 1):S69–75. https://doi.
org/10.1016/j.injury.2017.04.020

2.	 Thomas JD, Kehoe JL. Bone nonunion. 
StatPearls [Internet]. 2023 Mar 6. Available 
from: https://www.ncbi.nlm.nih.gov/books/
NBK554385/

3.	 Nicholson JA, Makaram N, Simpson AH, Keating 
JF. Fracture nonunion in long bones: a literature 
review of risk factors and surgical management. 
Injury. 2021 Jun 1;52(Suppl 1):S3–11. https://
doi.org/10.1016/j.injury.2020.11.029

4.	 Mills LA, Simpson AH. The relative incidence 
of fracture non-union in the Scottish population 
(5.17 million): a 5-year epidemiological study. 
BMJ Open. 2013 Jan 1;3(2):e002276. https://
doi.org/10.1136/bmjopen-2012-002276

5.	 Dailey HL, Wu KA, Wu PS, McQueen MM. Tib-
ial fracture nonunion and time to healing after 
reamed intramedullary nailing: risk factors based 
on a single-center review of 1003 patients. J 
Orthop Trauma. 2018 Jul 1;32(7):e263–9. https://
doi.org/10.1097/BOT.0000000000001173

https://doi.org/10.1016/j.injury.2017.04.020
https://doi.org/10.1016/j.injury.2017.04.020
https://www.ncbi.nlm.nih.gov/books/NBK554385/
https://www.ncbi.nlm.nih.gov/books/NBK554385/
https://doi.org/10.1016/j.injury.2020.11.029
https://doi.org/10.1016/j.injury.2020.11.029
https://doi.org/10.1136/bmjopen-2012-002276
https://doi.org/10.1136/bmjopen-2012-002276
https://doi.org/10.1097/BOT.0000000000001173
https://doi.org/10.1097/BOT.0000000000001173


249

Outcomes of chipping & bone grafting in complex non-union of long bones.

Gomal Journal of Medical Sciences. April - June 2025, Vol. 23, No. 2

6.	 Vanderkarr MF, Ruppenkamp JW, Vanderkarr M, 
Holy CE, Blauth M. Risk factors and healthcare 
costs associated with long bone fracture non-
union: a retrospective US claims database anal-
ysis. J Orthop Surg Res. 2023 Oct 3;18(1):745. 
https://doi.org/10.1186/s13018-023-04232-3

7.	 Baldwin P, Li DJ, Auston DA, Mir HS, Yoon RS, 
Koval KJ. Autograft, allograft, and bone graft sub-
stitutes: clinical evidence and indications for use 
in the setting of orthopaedic trauma surgery. J 
Orthop Trauma. 2019 Apr 1;33(4):203–13. https://
doi.org/10.1097/BOT.0000000000001420

8.	 Padilla-Eguiluz NG, Gómez-Barrena E. Epi-
demiology of long bone non-unions in Spain. 
Injury. 2021 Jul 1;52(Suppl 2):S3–7. https://doi.
org/10.1016/j.injury.2021.02.053

9.	 Campana V, Milano GI, Pagano E, Barba M, 
Cicione C, Salonna G, et al. Bone substitutes 
in orthopaedic surgery: from basic science to 
clinical practice. J Mater Sci Mater Med. 2014 
Oct;25:2445–61. https://doi.org/10.1007/s10856-
014-5240-2

10.	 Andrzejowski P, Giannoudis PV. The 'diamond 
concept' for long bone non-union management. 
J Orthop Trauma. 2019 Dec;20:1–3. https://doi.
org/10.1186/s10195-019-0528-0

11.	 Klar RM. The induction of bone formation: the 
translation enigma. Front Bioeng Biotechnol. 
2018 Jun 7;6:74. https://doi.org/10.3389/
fbioe.2018.00074

12.	 Gómez-Barrena E, Ehrnthaller C. Long bone un-
infected non-union: grafting techniques. EFORT 
Open Rev. 2024 May 1;9(5):329–38. https://doi.
org/10.1530/EOR-24-0032

13.	 Matsushita T, Watanabe Y. Chipping and length-

ening technique for delayed unions and non-
unions with shortening or bone loss. J Orthop 
Trauma. 2007 Jul 1;21(6):404–6. https://doi.
org/10.1097/BOT.0b013e318041f6d1

14.	 Watanabe Y, Matsushita T. Femoral non-union 
with malalignment: reconstruction and biological 
stimulation with the chipping technique. Injury. 
2016 Dec 1;47(Suppl 6):S47–52. https://doi.
org/10.1016/S0020-1383(16)30839-7

15.	 Lamture DR, Burande VG. Epidemiology and op-
erative management of non-union in long bones. 
Indian J Orthop. 2017;3(1):18–21.

16.	 Sharma VS, Joshi N, Dhukia R, Shekhawat V. 
Comparision of non-vascularized fibular graft 
as an intramedullary strut v/s conventional bone 
grafting for management of nonunion of long 
bones. Indian J Orthop. 2021;7(1):691–702. 
https://doi.org/10.22271/ortho.2021.v7.i1k.2561

17.	 Tawonsawatruk T, Kelly M, Simpson H. Evaluation 
of native mesenchymal stem cells from bone 
marrow and local tissue in an atrophic nonunion 
model. Tissue Eng Part C Methods. 2014 Jun 
1;20(6):524–32. https://doi.org/10.1089/ten.
tec.2013.0465

18.	 Sansone V, Ravier D, Pascale V, Applefield R, Del 
Fabbro M, Martinelli N. Extracorporeal shock-
wave therapy in the treatment of nonunion in long 
bones: a systematic review and meta-analysis. 
J Clin Med. 2022 Apr 1;11(7):1977. https://doi.
org/10.3390/jcm11071977

19.	 Aoki Y, Tanaka T. Report of successful application 
of the chipping technique in atypical femoral 
fracture prophylactic surgery. Trauma Case Rep. 
2020 Dec 1;30:100364. https://doi.org/10.1016/j.
tcr.2020.100364

Copyright © 2025. Muhammad Ismaeel, et al. This is an Open Access article distributed under the 
terms of the Creative Commons Attribution-NonCommercial 4.0 International License, which permits 
unrestricted use, distribution & reproduction in any medium provided that original work is cited properly.

AUTHORS’ CONTRIBUTIONAUTHORS’ CONTRIBUTION
The following authors have made substantial contributions to the manuscript as under: 

Conception or Design:		  MI, MA
Acquisition, Analysis or Interpretation of Data:	 MI, MA, MU, AK, SU, SA
Manuscript Writing & Approval:		  MI, MA, MU, AK, SU, MS
All the authors agree to be accountable for all aspects of the work in ensuring that questions related to 

the accuracy or integrity of any part of the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
None declared.

https://doi.org/10.1186/s13018-023-04232-3
https://doi.org/10.1097/BOT.0000000000001420
https://doi.org/10.1097/BOT.0000000000001420
https://doi.org/10.1016/j.injury.2021.02.053
https://doi.org/10.1016/j.injury.2021.02.053
https://doi.org/10.1007/s10856-014-5240-2
https://doi.org/10.1007/s10856-014-5240-2
https://doi.org/10.1186/s10195-019-0528-0
https://doi.org/10.1186/s10195-019-0528-0
https://doi.org/10.3389/fbioe.2018.00074
https://doi.org/10.3389/fbioe.2018.00074
https://doi.org/10.1530/EOR-24-0032
https://doi.org/10.1530/EOR-24-0032
https://doi.org/10.1097/BOT.0b013e318041f6d1
https://doi.org/10.1097/BOT.0b013e318041f6d1
https://doi.org/10.1016/S0020-1383(16)30839-7
https://doi.org/10.1016/S0020-1383(16)30839-7
https://doi.org/10.22271/ortho.2021.v7.i1k.2561
https://doi.org/10.1089/ten.tec.2013.0465
https://doi.org/10.1089/ten.tec.2013.0465
https://doi.org/10.3390/jcm11071977
https://doi.org/10.3390/jcm11071977
https://doi.org/10.1016/j.tcr.2020.100364
https://doi.org/10.1016/j.tcr.2020.100364

	_Hlk181392768

