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ABSTRACT

Background: Open long bone fractures are associated with significant soft tissue injury,
infection, delayed union, and functional impairment. The Limb Reconstruction System (LRS)
provides stable external fixation while facilitating soft tissue management and early
rehabilitation. However, prospective evidence regarding its clinical and functional outcomes
remains limited.

Objective: To evaluate the clinical, radiological, and functional outcomes of open long bone
fractures treated primarily with the Limb Reconstruction System (LRS).

Materials and Methods: This prospective observational study was conducted at the
Department of Orthopaedics, SRMS Institute of Medical Sciences, Bareilly, India, between
April 2024 and September 2025. Of the 24 patients assessed for eligibility, 19 completed the
24-week follow-up and were included in the final analysis. Clinical and radiological
outcomes were assessed using the Modified Johner and Wruhs criteria, Association for the
Study and Application of Methods of Ilizarov (ASAMI) bone and functional criteria,
radiological union, weight-bearing status, and postoperative complications. Fisher's exact test
was used to evaluate the association between Gustilo—Anderson fracture grade and treatment
outcomes.

Results: The mean age of the participants was 36.4 = 10.7 years, and 78.9% were males.
Tibial fractures accounted for 78.9% of injuries. The mean time to definitive fixation was 7.4
+ 2.8 hours, while radiological union was achieved in 18 (94.7%) patients at a mean of 18.3 £
4.1 weeks. Excellent outcomes were observed in 52.6% of patients according to the Modified
Johner and Wruhs criteria, 73.7% according to the ASAMI bone criteria, and 63.2%
according to the ASAMI functional criteria. Superficial pin tract infection was the most
common complication (36.8%). Although patients with Gustilo type IIIB fractures showed
comparatively poorer outcomes, the association was not statistically significant (p>0.05).
Conclusion: Primary LRS fixation achieved satisfactory fracture union, favorable functional
recovery, and an acceptable complication profile, supporting its use as an effective treatment
option for selected open long bone fractures.
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INTRODUCTION

Open fractures of long bones represent one
of the most challenging injuries in
orthopaedic trauma because of the
combined disruption of bone, soft tissues,
and surrounding neurovascular structures.
These injuries are predominantly caused by
high-energy trauma, particularly road traffic
accidents, and are associated with increased
risks of infection, delayed union, non-union,
prolonged hospitalization, and long-term
functional impairment. The primary goals of
treatment are to prevent infection, achieve
fracture union, restore limb function, and
minimize complications through timely

debridement, antibiotic = administration,
fracture stabilization, and soft tissue
management. 1=

The Gustilo—Anderson classification

remains the most widely accepted system
for classifying open fractures and guiding
treatment strategies. Higher-grade injuries,
particularly Gustilo type III fractures, are
associated with extensive soft tissue
damage, contamination, delayed healing,
and inferior functional outcomes compared
with lower-grade injuries.>* Therefore,
stable fracture fixation that preserves the
biological environment while allowing
adequate soft tissue care remains a major
challenge in the management of these
injuries.

Several fixation methods have been
described for the management of open long
bone fractures, including external fixation,
intramedullary nailing, and plate
osteosynthesis. Although intramedullary
nailing is considered the standard treatment
for many diaphyseal fractures, its use in
severely contaminated open fractures
remains controversial because of concerns
regarding infection and additional disruption
of the endosteal blood supply. Conventional
external fixation provides rapid stabilization
and facilitates wound care but is often
associated with complications such as pin

tract infection, pin loosening, malalignment,
and patient discomfort.>

The Limb Reconstruction System (LRS) is a
monolateral external fixation device based
on the principles of distraction osteogenesis.
It provides rigid fixation, allows controlled
compression and distraction, facilitates early
mobilization, and permits repeated wound
inspection  without disturbing fracture
stability. Compared with circular external
fixators, LRS is technically less demanding,
more patient-friendly, and generally better
tolerated while providing satisfactory
biomechanical stability.””

Several studies have demonstrated favorable
fracture union and functional outcomes
following LRS fixation in open tibial
fractures and infected non-unions. Ajmera et
al. reported excellent bone and functional
outcomes in the majority of patients treated
with LRS for open tibial fractures with bone
loss.!” Similarly, Singh et al. observed
satisfactory fracture union with early weight
bearing and good functional recovery
following primary LRS fixation.!! However,
most available studies have focused
primarily on tibial fractures, while evidence
regarding both tibial and femoral open long
bone fractures remains limited.
Furthermore, prospective data evaluating
clinical outcomes, radiological union,
postoperative  complications, and the
influence of fracture severity on functional
recovery are still scarce.

Therefore, the present study was undertaken
to evaluate the clinical, radiological, and
functional outcomes of open long bone
fractures managed primarily using the Limb
Reconstruction System and to determine the
relationship  between  Gustilo—Anderson
fracture severity and final treatment
outcomes.

Objective
To evaluate the clinical, radiological, and
functional outcomes of open long bone
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fractures treated primarily with the Limb
Reconstruction System (LRS).

MATERIALS & METHODS

Study Design and Setting

This prospective observational study was
conducted in the Department of
Orthopaedics at Shri Ram Murti Smarak
Institute of Medical Sciences, Bareilly,
Uttar Pradesh, India, between April 2024
and September 2025. The study aimed to
evaluate the clinical, functional, and
radiological outcomes of open long bone
fractures managed primarily with the Limb
Reconstruction System (LRS).

Study Population/Sample size

A total of 24 consecutive patients presenting
with open long bone fractures were assessed
for eligibility. Two patients were excluded
because they did not meet the inclusion
criteria, and three patients were lost to
follow-up. Consequently, 19 patients who
completed the scheduled 24-week follow-up
were included in the final analysis.

Since this was a prospective observational
study conducted over the study period, all
eligible consecutive patients fulfilling the
inclusion criteria were included. No formal
sample size calculation was performed.
Inclusion Criteria

1. Patients aged >18 years.

ii.  Open diaphyseal fractures of the
tibia or femur classified as Gustilo—
Anderson type II, IITA, or IIIB.

iii.  Patients managed primarily with the
Limb Reconstruction System.

iv.  Patients who provided written
informed consent.

Exclusion Criteria

1.  Gustilo-Anderson type I and type
ITIC fractures.

ii.  Fractures older than two weeks.

iii.  Closed fractures.

iv.  Pathological fractures.

v.  Established non-union.

vi.  Patients unwilling to participate or
unable to complete follow-up.

Surgical Procedure

Following  initial  resuscitation  and
administration of intravenous antibiotics, all
patients underwent thorough  wound
irrigation and surgical debridement under
aseptic conditions. Fracture stabilization
was  performed wusing the Limb
Reconstruction System (LRS) according to
standard operative techniques. The choice of
Schanz  pin  placement and frame
configuration depended on the fracture
location and morphology. Soft tissue
management was performed simultaneously
or in a staged manner whenever required.
Postoperative Management

All patients received intravenous first-
generation cephalosporin antibiotics for 5—7
days, followed by appropriate oral
antibiotics when indicated. Passive range-
of-motion exercises were initiated on the
first postoperative day. Protected weight
bearing was encouraged according to
fracture stability and radiological progress.
Patients were reviewed regularly in the
outpatient department for clinical and
radiological assessment.

Outcome Measures

Patients were followed for 24 weeks after
surgery.

The primary outcome was
recovery assessed using the
Johner and Wruhs criteria.
Secondary outcomes included:
Radiological outcome assessed using the
Association for the Study and Application
of Methods of Ilizarov (ASAMI) Bone
Criteria.

Functional outcome assessed using the
ASAMI Functional Criteria.

Time to radiological union.

Time to definitive fixation.

Achievement of full weight bearing.
Postoperative  complications, including
superficial pin tract infection, pin loosening,
delayed union, malunion, deep infection,
non-union, and the requirement for
secondary surgical procedures.

Radiological union was defined as bridging
callus across at least three cortices on
anteroposterior and lateral radiographs
together with painless full weight bearing.

functional
Modified
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Data Collection

Demographic characteristics, injury profile,
operative details, postoperative progress,
functional scores, radiological findings, and
complications were prospectively recorded
using a standardized case record form.
Statistical Analysis: Data were analyzed
using IBM SPSS Statistics version 27 (IBM
Corp., Armonk, NY, USA). Continuous
variables were expressed as mean =+
standard deviation (SD), while categorical
variables were summarized as frequencies
and percentages. The association between
Gustilo-Anderson  fracture grade and
ASAMI bone and functional outcomes was
assessed using Fisher's exact test because of

the small sample size and sparse
contingency tables. A two-sided p-value
<0.05 was  considered  statistically
significant.

Ethical Considerations

The study was approved by the Institutional
Ethics Committee of Shri Ram Murti
Smarak Institute of Medical Sciences,
Bareilly (Approval No. SRMSIMS/ECC/
2024/101). Written informed consent was
obtained from all participants before
enrolment.

RESULT

Figure 1 depicts the participant flow during
the study. Of the 24 patients assessed for
eligibility, 2 were excluded based on the
predefined eligibility criteria. The remaining
22 patients underwent LRS fixation, of
whom 3 were lost to follow-up.
Consequently, 19 patients completed the 24-
week follow-up and were included in the
final analysis.

(n = 24)

[Patients assessed for eligibility)

.

N

Excluded (n = Patients enrolled
« Did not meet mclusmn criteria (n=22)

Lost to follow-
(n=3)

(n=19)

up [Com pleted 24-week foll:::w-up)

'

Included in stafistical analysis
(n=19)

Figure 1: Study Flow Diagram of Patient Recruitment and Follow-up

Table 1 show that the 19 patients completed
the study. The mean age was 36.4 + 10.7
years, with most patients belonging to the
36-45-year age group (36.8%). Males
constituted 78.9% of the study population.
Tibial fractures accounted for 78.9% of
injuries, while femoral fractures represented

21.1%. Road traffic accidents were the
predominant mechanism of injury (89.5%).
Nearly half of the fractures (47.4%) were
classified as Gustilo-Anderson type IIIB,
indicating a high proportion of severe open
injuries.
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Table 1: Baseline Demographic and Injury Characteristics of Study Participants (N=19)

Variable Category n (%) / Mean + SD
Mean + SD 36.4 £10.7
18-25 3(15.8)
26-35 5(26.3
Age (years) 3645 7 E36.8;
46-55 3 (15.8)
5665 1(5.3)
Male 15 (78.9)
Sex Female 4(21.1)
. Tibia 15 (78.9)
Bone involved Fermur 402110
Mechanism of iniur Road traffic accident 17 (89.5)
jury Industrial accident 2 (10.5)
Type 11 5(26.3)
Gustilo—Anderson grade Type IITA 5(26.3)
Type 11IB 947.4)

Table 2 shows that the mean
between injury and definitive LRS

interval
fixation

surgical

94.7% of patients had achieved full weight

bearing. Secondary procedures

was 7.4 + 2.8 hours. Radiological union was
achieved at a mean duration of 18.3 + 4.1
weeks. By the final follow-up at 24 weeks,

were required in 31.6% of patients during
follow-up.

Table 2: Operative and Clinical Outcomes Following Limb Reconstruction System

Fixation (N =19)

Variable Value
Time to definitive fixation (hours), Mean+ SD | 7.4 +2.8
Radiological union (weeks), Mean = SD 18.3+4.1
Full weight bearing at 24 weeks 18 (94.7%)
Secondary procedures required 6 (31.6%)
Radiological union achieved 18 (94.7%)

Figure 2 shows functional assessment using
the Modified Johner and Wruhs criteria
demonstrated excellent outcomes in 52.6%
of patients, whereas 15.8% achieved good
results. According to the ASAMI bone
criteria, 73.7% of patients had excellent
radiological outcomes. Similarly, 63.2%
achieved excellent functional outcomes
based on the ASAMI functional criteria,
indicating satisfactory clinical recovery in
the majority of patients.

Figure 2 illustrates the distribution of
postoperative complications among patients
treated with the Limb Reconstruction

System (LRS). Superficial pin tract
infection was the most frequently
encountered complication, affecting 7

patients (36.8%), followed by delayed union
in 4 patients (21.1%) and deep infection in 3
patients (15.8%). Pin loosening and
malunion were each observed in 2 patients
(10.5%), while non-union occurred in 1
patient (5.3%). Overall, the majority of
complications were minor and manageable,
with  superficial pin tract infection
representing the predominant postoperative
adverse event.
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Figure 2: Functional and Radiological Outcomes at Final Follow-up (N = 19)

Complication

Deep infection
Delayed union
Malunion
Mon-union

Fin loosening

Superficial pin tract infection

Figure 3: Distribution of Postoperative Complications Following LRS Fixation (N =19)

Table 4 shows the association between
Gustilo—Anderson fracture grade and both
ASAMI bone and ASAMI functional
outcomes. Excellent ASAMI bone outcomes
were achieved in all patients with Gustilo
type II fractures (100.0%), 80.0% of those
with type IITA fractures, and 55.6% of those
with type IIIB fractures. Similarly, excellent

and 33.3% of patients with type IIIB
fractures. Fair and poor outcomes occurred
exclusively among patients with type IIIB
fractures. Although outcomes tended to
worsen with increasing fracture severity,
neither the ASAMI bone outcome (p =
0.344) nor the ASAMI functional outcome
(p = 0.501) showed a statistically significant

ASAMI functional outcomes were observed association with Gustilo—Anderson
in 80.0% of patients with type II fractures, classification.
100.0% of patients with type IIIA fractures,

International Journal of Health Sciences and Research (www.ijhsr.org) 109

Volume 16; Issue: 7; July 2026



Devansh Agarwal et.al. Clinical, Radiological, and Functional Outcomes of Open Long Bone Fractures Treated
Primarily with the Limb Reconstruction System: A Prospective Observational Study

Table 4: Association of Gustilo-~Anderson Classification with ASAMI Bone and

Functional Outcomes (N =19)

Outcome Type 11 Type IITA Type IIIB -
Outcome Measure Category ()1,1p=5) y(Il)1=5) y(II)1=9) vafue*
Excellent 5(100.0) 4 (80.0) 5 (55.6)
- Good 0 (0.0) 1 (20.0) 1(11.1)
ASAMI Bone Criteria Fair 0(0.0) 0(0.0) (L1 0.344
Poor 0(0.0) 0(0.0) 2 (22.2)
Excellent 4 (80.0) 5 (100.0) 3(33.3)
ASAMI Functional Good 1 (20.0) 0(0.0) 3(33.3) 0.501
Criteria Fair 0(0.0) 0(0.0) 2(22.2) )
Poor 0 (0.0) 0(0.0) 1(11.1)
*Fisher exact test
DISCUSSION patients belonging to the economically

The present prospective observational study
evaluated the clinical, radiological, and
functional outcomes of open long bone
fractures managed primarily with the Limb
Reconstruction System (LRS). The principal
findings demonstrated that LRS provided
satisfactory fracture stabilization, with a
high rate of radiological union, favorable
functional outcomes, and an acceptable
complication profile. Radiological union
was achieved in the majority of patients
within a mean duration of 18.3 + 4.1 weeks,
while 94.7% of patients achieved full
weight bearing by the final follow-up.
According to the Modified Johner and
Wruhs criteria, more than half of the
patients  (52.6%) achieved excellent
functional outcomes, whereas the ASAMI
bone and functional criteria demonstrated
excellent outcomes in 73.7% and 63.2% of
patients, respectively. Although patients
with Gustilo-Anderson type IIIB fractures
tended to have poorer outcomes than those
with lower-grade injuries, the observed
differences were not statistically significant.
These findings suggest that primary LRS
fixation is an effective treatment option for
selected open long bone fractures, providing
stable fixation while facilitating fracture
healing and functional recovery.’ !°

The demographic profile observed in the
present study was consistent with the
epidemiology of open long bone fractures
reported in previous studies. The mean age
of the study population was 36.4 + 10.7
years, with the highest proportion of

productive age group of 3645 years.
Furthermore, 78.9% of the participants were
male, and road traffic accidents accounted
for 89.5% of all injuries. These findings
reflect the increased exposure of young
adult males to high-energy trauma and are
comparable with previous reports that
identified road traffic accidents as the
leading cause of open fractures among the
working-age population. - 13

The predominance of tibial fractures
(78.9%) observed in the present study is
also in agreement with previous literature.
Owing to its subcutaneous location and
limited soft tissue coverage, the tibia is
particularly vulnerable to open injuries
following high-energy trauma. Nearly half
of the fractures in the present study were
classified as Gustilo-Anderson type IIIB,
indicating that a substantial proportion of
patients sustained severe soft tissue injuries.
Despite this, satisfactory clinical and
radiological outcomes were achieved
following LRS fixation, highlighting the
ability of this fixation system to provide
adequate stability while allowing repeated
wound inspection, soft tissue procedures,
and early mobilization without
compromising fracture alignment.”!°

One of the major findings of the present
study was the favorable fracture healing
observed  following  LRS fixation.
Radiological union was achieved in almost
all patients, with a mean union time of 18.3
weeks. This finding is comparable to
previous studies evaluating LRS in open
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tibial fractures, which have reported mean
union times ranging from approximately 16
to 22 weeks, depending on fracture severity
and associated soft tissue injury. The rigid
unilateral frame design of the LRS permits
controlled axial compression at the fracture
site while preserving periosteal blood
supply, thereby promoting biological
fracture healing. In addition, the system
facilitates early weight bearing, which may
further stimulate callus formation and
accelerate fracture union. !4

The functional outcomes observed in the
present  study  further  support the
effectiveness of LRS as a definitive fixation
method for open long bone fractures.
According to the Modified Johner and
Wruhs criteria, 68.4% of patients achieved
excellent or good functional outcomes,
while the ASAMI functional criteria
demonstrated excellent or good outcomes in
84.3% of patients. Similarly, excellent or
good ASAMI bone outcomes were achieved
in 84.2% of patients. These findings are
consistent with previous prospective studies
reporting favorable functional recovery
following primary LRS fixation, which have
attributed these outcomes to stable fracture
fixation, preservation of the biological
environment, and early rehabilitation
protocols. %1

Strength & Limitations:

This study has several limitations, including
the relatively small sample size, single-
center design, and short follow-up period of
24 weeks, which may limit the
generalizability of the findings and the
assessment of  long-term  outcomes.
Additionally, the absence of a comparison
group precluded direct evaluation of the
effectiveness of the Limb Reconstruction
System against other fixation methods.
Strengths of the study include its
prospective design, standardized surgical
protocol, uniform follow-up schedule, and
comprehensive evaluation using validated

CONCLUSION

The present prospective observational study
demonstrated that the Limb Reconstruction
System (LRS) is an effective treatment
modality for selected open long bone
fractures, providing stable fracture fixation
with satisfactory clinical, radiological, and
functional outcomes. Most patients achieved
radiological union within an acceptable time
frame, regained full weight-bearing
capacity, and demonstrated excellent to
good functional recovery according to the
Modified Johner and Wruhs and ASAMI
criteria. Although superficial pin tract
infection ~was the most common
postoperative complication, it was generally
manageable with appropriate treatment.
Patients with Gustilo—Anderson type IIIB
fractures showed a trend toward poorer bone
and functional outcomes; however, the
association was not statistically significant.
Overall, LRS represents a reliable option for
the primary management of open long bone
fractures, particularly in cases requiring
stable fixation while preserving the soft
tissue envelope. Nevertheless, larger
multicenter studies with longer follow-up
are warranted to validate these findings and
further establish the long-term effectiveness
of this technique.

Declaration by Authors

Ethical Approval: Approved
Acknowledgement: None

Source of Funding: None

Conlflict of Interest: The authors declare no
conflict of interest.

REFERENCES

1. Court-Brown CM, Rimmer S, Prakash U,
McQueen MM. The epidemiology of open
long bone fractures. Injury. 1998
Sep;29(7):529-34. doi:  10.1016/s0020-
1383(98)00125-9.

2. Gustilo RB, Anderson JT. Prevention of
infection in the treatment of one thousand

functional and radiological  outcome and twenty-five open fractures of long
measures. bones: retrospective and  prospective
analyses. J Bone Joint Surg Am. 1976

Jun;58(4):453-8.
International Journal of Health Sciences and Research (www.ijhsr.org) 111

Volume 16; Issue: 7; July 2026



Devansh Agarwal et.al. Clinical, Radiological, and Functional Outcomes of Open Long Bone Fractures Treated
Primarily with the Limb Reconstruction System: A Prospective Observational Study

3.

10.

Dheenadhayalan J, Nagashree V, Devendra
A, Velmurugesan PS, Rajasekaran S.
Management of open fractures: A narrative
review. J Clin Orthop Trauma. 2023 Sep
1;44:102246. doi:
10.1016/j.jcot.2023.102246. Erratum in: J
Clin  Orthop  Trauma. 2025 Dec
22:75:103317. doi:
10.1016/j.jcot.2025.103317.

Gustilo RB, Mendoza RM, Williams DN.
Problems in the management of type III
(severe) open fractures: a new classification
of type III open fractures. J] Trauma. 1984
Aug;24(8):742-6. doi: 10.1097/00005373-
198408000-00009.

Giannoudis PV, Gudipati S, Harwood P,
Kanakaris NK. Long bone non-unions
treated with the diamond concept: a case
series of 64 patients. Injury. 2015 Dec;46
Suppl  8:S48-54. doi:  10.1016/S0020-
1383(15)30055-3.

Harshwal RK, Sankhala SS, Jalan D.
Management of nonunion of lower-
extremity long bones using mono-lateral
external fixator--report of 37 cases. Injury.
2014 Mar;45(3):560-7. doi:
10.1016/j.injury.2013.11.019.

Rohilla R, Wadhwani J, Devgan A, Singh
R, Khanna M. Prospective randomised
comparison of ring versus rail fixator in
infected gap nonunion of tibia treated with
distraction osteogenesis. Bone Joint J. 2016
Oct;98-B(10):1399-1405. doi:
10.1302/0301-620X.98B10.37946.
Mudiganty S, Daolagupu AK, Sipani AK,
Das SK, Dhar A, Gogoi PJ. Treatment of
infected non-unions with segmental defects
with a rail fixation system. Strategies
Trauma Limb Reconstr. 2017 Apr;12(1):45-
51. doi: 10.1007/s11751-017-0278-6.

Pal CP, Kumar H, Kumar D, Dinkar KS,
Mittal V, Singh NK. Comparative study of
the results of compound tibial shaft fractures
treated by Ilizarov ring fixators and limb
reconstruction system fixators. Chin J
Traumatol. 2015;18(6):347-51. doi:
10.1016/j.cjtee.2015.08.006.

Patil MY, Gupta SM, Kurupati SK, Agarwal
S, Chandarana V. Definitive Management

of Open Tibia Fractures Using Limb
Reconstruction System. J Clin Diagn Res.
2016 Jul;10(7):RCO1-4. doi:
10.7860/JCDR/2016/17978.8124.

11. Mangukiya HJ, Mahajan NP, Pawar ED,
Mane A, Manna J. Functional and
radiological outcome in management of
compound tibia diaphyseal fracture with AO

monolateral fixator versus Limb
reconstruction system. J Orthop. 2018 Jan
31;15(1):275-281. doi:

10.1016/j.jor.2018.01.041.

12. Tekin AC, Saygili MS, Adas M, Cabuk H,
Arslan SM, Dedeoglu SS. Outcome of Type
3 Open Tibial Diaphyseal Fractures
Managed with a Limb Reconstruction
System: Analysis of a 49-Patient Cohort.
Med Princ Pract. 2016;25(3):270-5. doi:
10.1159/000443257.

13. Mahajan NP, Mangukiya HJ. Extended use
of limb reconstruction system in
management of compound tibia diaphyseal
fracture as primary and definitive tool. Int J
Res Orthop. 2017;3(6):1157-1164.
doi:10.18203/issn.2455-
4510.IntJResOrthop20174706.

14. Sengodan VC, Mylsamy AK. Functional
outcome of limb reconstruction system in
lower limb compound fractures: A
prospective study. Indian J Orthop Surg.
2025;11(1):48-55.

15. Batta V, Dwyer A, Gulati A, Prakash J,
Mam M, John B. No difference in the long
term final functional outcome after nailing
or cast bracing of high energy displaced
tibial shaft fractures. J Trauma Manag
Outcomes. 2012;6:5. doi:10.1186/1752-
2897-6-5.

How to cite this article: Devansh Agarwal,
Suresh K. Kaushik, Sanjay Gupta, Anup Kumar,
Aditya Sharma, Harshvardhan Buddhist.
Clinical, radiological, and functional outcomes
of open long bone fractures treated primarily
with the limb reconstruction system: a
prospective observational study. Int J Health Sci
Res. 2026;16(7):104-112.

DOIL: https://doi.org/10.52403/ijhsr.20260711

skoskoskokoskok

International Journal of Health Sciences and Research (www.ijhsr.org) 112
Volume 16; Issue: 7; July 2026


https://doi.org/10.52403/ijhsr.20260711

