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Abstract

Objective: To compare radiological union scoring system (RUST) scores,
union status, and functional outcomes of isolated tibial and both tibia
and fibula fracture treated with intramedullary nailing.

Materials and Methods: The records of 205 patients diagnosed with tibial
diaphyseal fractures and treated with intramedullary nailing between
January 2015 and December 2020 were reviewed, and 74 patients were
included in the study. Patients were divided into two groups: isolated
tibial fracture (Group 1) and both tibia and fibula fracture (Group 2). The
smoking status and presence of open fractures were noted. The Radio-
logical Union Scoring System (RUST) was retrospectively evaluated using
radiographs at 39, 6™, 9 and 12" months. The SF-36 physical function
score and VAS were evaluated at the last follow-up visit.

Results: The mean age of the patients was 41.9 years (18-77). 25 patients
(12 stage 1, 8 stage 2 and 5 stage 3) had open fractures. When the RUST
scores were evaluated, a statistically higher rate of union was observed
in group 2 than in group 1 at the 37, 6, 9% and 12" months. While union
was seen in the 6 month radiographs in group 2, it was seen in the 12t
month in group 1. Smoking and open fractures significantly decreased
RUST scores at 6™ month. However, there was no difference in RUST scores
at the 12" month. In addition, there was no significant difference in the
SF-36 physical function score or VAS between the two groups at the last
follow-up.

0z
Amag: intramediiller civiile tedavi edilen izole tibia ve krus cift kiriklarinin

radyolojik kaynama skorlama sistemi (RUST) skorlari, kaynama durumu ve
fonksiyonel sonuglarinin karsilastiriimasi.

Gereg ve Yontem: Ocak 2015 ile Aralik 2020 tarihleri arasinda tibia diyafiz
kingi tanisi alan ve intrameddller ¢ivileme ile tedavi edilen 205 hastanin
kayitlari incelendi ve 74 hasta calismaya dahil edildi. izole tibia kingi (Grup
1) ve krus ¢ift kirk (Grup 2) olmak iizere hastalar 2 gruba ayrildi. Sigara
icme durumu ve agik kirk olup olmadigr bilgileri not edildi. Radyolojik
Kaynama Skorlama Sistemi (RUST) 3., 6., 9. ve 12. aylardaki grafilerle retro-
spektif olarak degerlendirildi. Son kontrollerinde SF-36 fiziksel fonksiyon
skoru ve VAS degerlendirildi.

Bulgular: Hastalarin ortalama yasi 41,9 (18-77) idi. 25 hastada (12 evre 1, 8
evre 2 ve 5 evre 3) acik kirk mevcuttu. RUST puanlar degerlendirildiginde
Grup 2'de Grup 1'e gore 3, 6., 9. ve 12. aylarda istatistik olarak daha
yuksek oranda kaynama gortldu. Kaynama Grup 2'de ortalama 6. ay grafi-
lerinde gorullrken Grup 1'de 12. ayda gorulmustur. Sigara icmek ve acik
kirk olmasi 6. ay RUST skorlarini anlamli olarak disurmustir. Ancak 12.
ay RUST skorlarinda fark izlenmemistir. Ayrica son kontrollerinde her iki
grup arasinda SF-36 fiziksel fonksiyon skoru ve VAS arasinda anlamli fark
belirlenmemistir.

Sonug: izole tibia kiriklarinda krus ¢ift kirklarina gére radyolojik olarak
kaynama daha yavas olmakla birlikte 12. ayda her iki grupta da kaynama
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Conclusion: Although radiological union is slower in isolated tibial frac-
turesthan in both tibia and fibula fractures, union can be achieved in both
groups at the 12" month. A similar phenomenon was observed in smokers
and open fractures. Especially in isolated tibial fractures, smokers and
patients with open fractures; it is advisable to wait for this period before
performing additional procedures.

saglanabilmektedir. Sigara kullananlarda ve acik kiriklarda da benzer bir
durum gozlenmektedir. Ozellikle izole tibia kiriklarinda, sigara icen hasta-
larda ve agik kiriklarda ek islem i¢in bu sureyi beklemek faydali olacaktir.

Anahtar Kelimeler Hem tibia hem de fibula kingr - intramedullar
givileme - kaynama - kaynamama - radyolojik kay-

nama skorlama sistemi - izole tibia kirgi

Keywords Both tibia and fibula fracture - intramedullary nailing -
union, nonunion - Radiographic Union Scale in Tibial (RUST)
Fractures - isolated tibia fracture

INTRODUCTION

Tibial shaft fractures are the most frequently treated
long bone fractures through surgical intervention, with
intramedullary nailing being the preferred treatment method
treatment. (1). In 22% of tibial shaft fractures, the fibula on the
fracture side remains intact (2). Tibial union in osteosynthesis
with intramedullary nailing depends on cortical contact. (3-5)
Thus, it has been theorized that an intact or surgically
stabilized fibula reduces axial loading, that is, compression
forces, on the tibial fractures, which may be detrimental to
the healing of tibial fracture (6). Therefore, it is theoretically
thought to cause nonunion (7, 8). Surgical fibular stabilization
for treating both tibia and fibula fractures is still controversial
and indications change based on the tibia and fibula fracture
pattern and soft tissue condition (7-12). Some authors have
argued that fibular fixation provides length and prevents
malalignment, especially in distal 1/3 tibial fractures (4).
Some authors have supported the view that it increases
nonunion by decreasing compression forces (13). This study
aimed to perform a comparative analysis of the union times
and functional scoring of both tibia and fibula fractures and
isolated tibial fractures treated with intramedullary nailing.

MATERIALS AND METHODS

Patients aged 18 years and above diagnosed with tibial
diaphyseal fractures or both tibia and fibula fractures treated
with intramedullary nailing at a single Level 1 trauma
center between January 2015 and December 2020 were
included. Both open and closed fractures were considered,
provided that no open reduction was performed. A total
of 205 patients were included in the study. Patients with
incomplete or missing medical records or imaging data
were excluded. The initial reduction quality was assessed,
and patients with more than 10°of angulation, more than 5
mm displacement between the major fracture fragments, or
more than 5 mm gap between the major fracture fragments
in anteroposterior or lateral direct radiographic views were
excluded to ensure uniform conditions for fracture healing.
Patients with pathological fractures due to malignancy were
excluded. Polytrauma patients with multiple long bone
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injuries requiring prolonged ICU admission, individuals with
severe pre-existing bone diseases (osteogenesis imperfecta,
rickets, etc.), or those who underwent external fixation
before intramedullary nailing were also excluded. Patients
without adequate soft tissue coverage or severe pre-existing
deformities were also excluded. Patients with non-traumatic
tibial fractures (e.g, stress fractures), neurological disorders
affecting limb function, or prior fractures or surgeries on the
same tibia were excluded. Patients with a history of systemic
infections, inflammatory diseases, or experimental treatments
were also excluded. Finally, patients who withdrew their
consent ordeclined to participate in the retrospective analysis
were excluded. After a thorough selection process based on
our exclusion criteria, 74 patients were included in this study.

A unified surgical team, including at least one attending
orthopedic surgeon for each procedure, performed all surgical
interventions. The surgical procedure included reaming and
the use of an intramedullary nail size that would fill the
intramedullary cavity in a press-fit manner. All surgeries were
performed using closed reduction, and open reduction was
not preferred.

Patients were divided into two groups: isolated tibia fracture
(Group 1) and both tibia and fibula fracture (Group 2).
Information on smoking and open fractures was also noted.
The radiographic union score for tibial (RUST) fractures was
evaluated retrospectively at the 39, 6™, 9t and 12t months.
RUST is a validated scoring system that assesses the healing
of fractures on anterior-posterior and lateral radiographs
by assigning scores to each of the four cortices (anterior,
posterior, medial and lateral) from 1 to 3 based on the
presence of callus and the visibility of the fracture line,
resulting in a total score that ranges from 4 (indicating no
healing) to 12 (indicating complete healing) (14). SF-36 and VAS
scores were evaluated at the last follow-up visit.

Radiological assessments were performed by a single
orthopedic surgeon. SF-36, VAS and Lysholm scores were also
evaluated by the same orthopedic surgeon at the last follow-
up visit. No blinding procedure was performed.

Statistical analyses were performed using the SPSS version
22.0 software. The conformity of the variables to a normal
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distribution was tested using the Kolmogorov-Smirnov
method. Student's t-test was used to compare the RUST
scores between the groups. Pearson’s correlation analysis
was used to evaluate the relationship between age and RUST
scores. Linear regression analysis was used to examine the
effectiveness of the variables on the RUST score at the 6%
month.

Institutional Review Board and the istanbul Faculty of
Medicine Clinical Research Ethics Committee approval was
obtained for this retrospective study (Date: 2712.2024, No:
25). This study was conducted in accordance with the latest
version of the Declaration of Helsinki of the World Medical
Association and the recently published Good Clinical Practice
Guidelines of the Republic of Turkiye Ministry of Health. All
participants were adequately informed about the study, and
informed consent was obtained from them.

RESULTS

The mean age of the patients was 419 (18-77). Group 1
consisted of 2 crush injuries, 28 motor vehicle accidents
(MVAs), 16 falls, 5 gunshot injuries, and 2 sports injuries.
Group 2 comprised 13 MVAs, 5 falls, and 3 gunshot injuries.
Our analysis showed that the proportions of injury types (e.g.,
gunshot injuries, falls, and MVAs) were similarly distributed in
Groups 1 and 2. There were open fractures in 25 patients (12
grade 1, 8 grade 2, and 5 grade 3). When the RUST scores were
evaluated, a statistically higher rate of union was observed
in Group 2 than in Group 1 at the 319, 6%, 9t and 12" months.
While union was seen on average at 6" month radiographs
in Group 2, it was seen at 12" month in Group 1. Smoking
and open fractures significantly decreased RUST scores at 6™
month. However, no difference was observed in the 12t month
RUST scores. In addition, there was no significant difference
between the SF-36 physical function scores and VAS scores
between the two groups at the final follow-up (Table 1).

In the 3 month RUST comparison of Groups 1 and 2, it was
observed that RUST was higher in Group 2 (8.3+11) than in
Group 1(6.2+1.2) (p<0.001). RUST 3 month scores were higher
in Group 2 (9.7+1.2) than in Group 1(7.6+0.8) (p<0.001). RUST 9t
month scores were higher in Group 2 (111+1.7) than in Group
1 (8.4+0.9) (p<0.001). RUST 12t month scores were higher in
Group 2 (11.5£0.9) than in Group 1 (10.2£0.9) (p<0.001).

When statistically compared according to the Lysholm and VAS
scores, no significant differences were observed between the
groups (p=0.9, p=0.5).

When we compared the RUST scores between the smoking
and non-smoking groups, no significant difference was found

at 3, 9t and 12" months (p=0.2, p=0.5, p=0.07, respectively).

However, at the 6™ month, the RUST scores were higher in
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the non-smoking group (9.5+1.5) than in the smoking group
(8.6+1.4).

Table 1. Demographic and quality-of-life results of the patients in Groups 1

and 2
Group 1 Group 2

MeanzSD Range MeanSD Range
Age (year) 424+12.8 172 3854162 20-77
Gender 16/37 8/13
(Female/Male)
Smoking (Yes/ 24/29 8/13
no)
Open fracture 18/35 7114
(Yes/no)
Side 29/24 9/12
(Right/left)
RUST at 3 8.3+11 5-11 6.2+1.2 5-9
month
RUST at 9.7+1.2 6-12 7.6+0.8 6-11
6" month
RUST at 1117 8-12 8.4+09 10-12
9th month
RUST at 11.5+0.9 8-12 10.2+0.9 12-12
12t month
SF-36 (PCS) 49.5+317 40-56.2 49.3+2.6 43.7-53.7
SF-36 (MCS) 55.2+4.98 45-67 54.7+3.6 48-61
Lysholm score 75.41+13.02 41-100 75.71£12.53 50-99
VAS Score 2.52+1.35 0-7 2.28+1.38 1-7

SD: Standard deviation, RUST: The radiographic union scale in tibial
fractures, SF-36: Short form-36, VAS: Visual Analogue Scale, PCS: Physical
Component Summary, MCS: Mental Component Summary

When RUST scores were compared between open and closed
fractures, no significant difference was observed at RUST 3,
9t and 12t months (p=0.6, p=0.6, p=0.2, respectively). However,
there was a statistically significant difference between the
RUST 6™ month scores between the open and closed groups
(p=0.02), and the RUST 6™ month scores of the closed group
(9.4+1.4) were higher than those of the open group (8.6+1.6).

In the comparison analysis of RUST scores according to gender,
no significant difference was found at 39, 6™, 9t and 12t
months (p=0.9, p=0.5, p=0.3, p=0.6, respectively).

Pearson correlation analysis for the relationship between age
and RUST scores showed no significant difference at 3%, 6t
9t and 12t months (p=0.4, p=0.7, p=0.5, p=0.7, p=0.5, and p=0.7,
respectively).

When we looked at the factors associated with the RUST 6t
month score, it was seen that being isolated tibia versus tibia-
fibula fracture, being open versus closed fracture and smoking
status were related. Regression analysis was then performed
to evaluate the effects of these variables on the RUST 6t




The effect of intact fibula in tibial diaphyseal fractures: Evaluation with rust score | Kizilkurt et al., 2025

month scores. According to the results of the linear regression
analysis, all these variables had an effect on the RUST 6%
month score, but the most significant effect was the single
versus double fracture (B= 0.680, p<0.001) (Table 2).

Table 2. Comparison of the RUST scores of the specific subgroups

RUST
Period 3 6t gth 12th
month month month month
Total Group 1 8.24+1.23 9.87+1.21 10.9+1.3 11.34+11
Group 2 7.5+15 9.2+1.2 8409 10.2+0.9
p value <0.001 <0.001 <0.001 <0.001
Smoking Yes 74615 8.6+14 10.1£2.2 10.8+1.3
No 79+13 9.5£15 10.4+1.6 11.33£0.7
p value 0.2 0.01 0.5 0.07
Open Yes 7.2£1.5 8.6+1.6 9.7£1.7 10.8+1.3
EIETITE No 79413 94414 105419 12:09
p value 0.6 0.02 0.6 0.2
Gender Female 7.7:13 9.2+14 10£1.5 11.2:0.9
Male 7.7£1.5 9+1.5 10.4+2 1111
p value 09 0.5 0.3 0.6

SD: Standart deviation, RUST: The radiographic union scale in tibial (RUST)
fractures, SF-36: Short form-36, VAS: Visual Analogue Scale, PCS: Physical
Component Summary, MCS: Mental Component Summary

DISCUSSION

This study showed that isolated tibial fractures show the
occurrence of union later than both tibia and fibula fractures.
However, there was no statistical difference in union at the 12t
month in either group. High-energy injuries were observed in
80% of the patients.

Balaji et al. compared fibula intact fibula fractures regarding
the open or closed nature of the fractures and found no
difference in union between the two groups (7). In our study,
we also evaluated the fractures regarding the open and closed
nature of the fractures, and there was no difference between
the open and closed groups. In a study by Githens et al,
the effect of fibular fixation on tibial union in both tibia and
fibula fractures was evaluated and it was shown that fibular
fixation was not associated with nonunion (8). In our study,
fixation was established using IM K-wires of adequate size to
provide fibular length in four patients. There was no difference
in terms of union at 12" month, but we observed that union
was delayed compared to the both tibia and fibula fractures
without the fixation in terms of the timing of union. However,
we need a larger series because the number of patients is
insufficient.

O'Hallaran et al. has analyzed certain variables thought to
predict nonunion during tibial IM nailing in their recent
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retrospective study (4). By performing a multivariate logistic
regression model, they found that certain variables were
significantly associated with tibial nonunion. One of those
variables, fibular fixation, was found to be significantly
associated with nonunion (p=0.02), but since there were only
13 out of 382 patients treated with fibular fixation in their
cohort, this was not included in their model. Their results
coincide with those of our study; however, we must reiterate
that a larger series is needed.

Meister et al. investigated the impact of bone grafting on the
surgical treatment of delayed unions and nonunions of the
tibia and found that the average time from injury to surgery
was 10.9 months (15). In our study, while union was seen
on average at the 6™ month radiographs in isolated tibia
fractures, it was seen in both tibia and fibula fractures at
the 12t" month. When we consider that the union time was
significantly longer in the both tibia and fibula fracture group,
we may need to consider the reoperation time for delayed
unions and nonunions, especially in both tibia and fibula
fractures.

Leow et al. showed that the RUST score is reliable and
reproducible for evaluation (14). We also used the RUST score.
In a study by Carter et al. in a series of 45 patients with intact
fibula tibia fractures, 12 varus malunion and 1 delayed union
were reported (6). When we compared this with our study, no
patient with nonunion was found.

There are some limitations to this study. The retrospective
nature of the analysis may have led to selection bias.
The relatively limited number of patients, especially in
subgroup assessments, may have affected the statistical
power. Radiological assessments were conducted by a single
evaluator, which may limit the generalizability of the findings.
Additionally, functional outcomes were measured only at the
final follow-up, without baseline or longitudinal comparisons..

CONCLUSION

Although union is radiologically slower to occur in isolated
tibial fractures than in both tibia and fibula fractures, union
can be achieved in both groups at the 12" month. A similar
phenomenon was observed in smokers and patients with
open fractures. Therefore, this study suggests that, especially
in isolated tibia fractures, it might be beneficial to wait for this
extended time before an additional procedure particularly
in patients who smoke and have open fractures. Further
prospective randomized controlled studies are needed to
better investigate this phenomenon, which may contribute to
our clinical practice by enabling us to provide better treatment
for these fractures.




The effect of intact fibula in tibial diaphyseal fractures: Evaluation with rust score | Kizilkurt et al., 2025

Ethics Committee Ethics committee approval was received for this
Approval study from the ethics committee of istanbul
Faculty of Medicine Clinical Research Ethics
Committee (Date: 27.12.2024, No: 25).

Informed Consent Consent was obtained from all participants who
participated in the study.

Peer Review Externally peer-reviewed.

Author Conception/Design of Study- T.K, YS.G, M.B, ITA,

Contributions H.I.B., M.A; Data Acquisition- TK, Y.S.G, M.B,, iTA,
H.i.B., M.A; Data Analysis/Interpretation - T.K,
YS.G, MB, iTA, HiB., MA; Drafting Manuscript-
TK, YS.G, MB, ITA, H.i.B, MA; Critical Revision of
Manuscript- TK, Y.5.G,, M.B,, ITA, H.I.B, M.A;; Final
Approval and Accountability- TK, Y.S.G, M.B,, iTA,
H.i.B, MA; Supervision- TK, Y.5.G, M.B, iTA, HiB,
M.A.

Conflict of Interest Authors declared no conflict of interest.

Financial Disclosure Authors declared no financial support.

Author Details

Taha Kizilkurt

" istanbul University, istanbul Faculty of Medicine, Department of Orthopedics
and Traumatology, istanbul, Tiirkiye

0000-0001-9832-8140 84 drtahakizilkurt@gmail.com

Yasar Samet Gokgeoglu
1 istanbul University, istanbul Faculty of Medicine, Department of Orthopedics

and Traumatology, istanbul, Tiirkiye

2 University of Health Sciences, Sanliurfa Mehmet Akif inan Health Research
Center, Department of Surgical Medical Sciences, Sanliurfa, Tirkiye
0000-0002-8208-6519

Mert Balli
1 istanbul University, istanbul Faculty of Medicine, Department of Orthopedics

and Traumatology, istanbul, Tirkiye
0009-0008-6161-2381

ismail Tarik Atasoy
" istanbul University, istanbul Faculty of Medicine, Department of Orthopedics

and Traumatology, istanbul, Tiirkiye
0009-0006-8692-0028

Halil ibrahim Balc
1 istanbul University, istanbul Faculty of Medicine, Department of Orthopedics

and Traumatology, istanbul, Tiirkiye
0000-0001-7472-2901

Mehmet Asik
1 istanbul University, istanbul Faculty of Medicine, Department of Orthopedics

and Traumatology, istanbul, Turkiye
0000-0002-8810-639X

Journal of istanbul Faculty of Medicine - istanbul Tip Fakiiltesi Dergisi, xx (x): 1-5

REFERENCES

Heckman JD, Sarasohn-Kahn J. The economics of treating tibia fractures. The
cost of delayed unions. Bull Hosp Jt Dis 1997;56(1):63-72.

2 Court-Brown CM, McBirnie J. The epidemiology of tibial fractures. ) Bone Joint
Surg Br 1995;77(3):417-21.

3 Bhandari M, Tornetta P, 3rd, Sprague S, Najibi S, Petrisor B, Griffith L, et al.
Predictors of reoperation following operative management of fractures of the
tibial shaft. ) Orthop Trauma 2003;17(5):353-61.

4 (QO'Halloran K, Coale M, Costales T, Zerhusen T, Jr, Castillo RC, Nascone JW,
et al. Will My Tibial Fracture Heal? Predicting Nonunion at the Time of
Definitive Fixation Based on Commonly Available Variables. Clin Orthop Relat
Res 2016;474(6):1385-95.

5 Schemitsch EH, Bhandari M, Guyatt G, Sanders DW, Swiontkowski M, Tornetta
P, et al. Prognostic factors for predicting outcomes after intramedullary nailing
of the tibia. ) Bone Joint Surg Am 2012;94(19):1786-93.

6 Teitz CC, Carter DR, Frankel VH. Problems associated with tibial fractures with

intact fibulae. } Bone Joint Surg Am 1980;62(5):770-6.

Balaji SM, Chandra PM, Devadoss S, Devadoss A. The effect of intact fibula on

functional outcome of reamed intramedullary interlocking nail in open and

closed isolated tibial shaft fractures: A prospective study. Indian J Orthop
2016;50(2):201-5.

8 Githens M, Haller J, Agel ), Firoozabadi R. Does Concurrent Tibial Intramedullary
Nailing and Fibular Fixation Increase Rates of Tibial Nonunion? A Matched
Cohort Study. J Orthop Trauma 2017;31(6):316-20.

9 Whorton AM, Henley MB. The role of fixation of the fibula in open fractures of
the tibial shaft with fractures of the ipsilateral fibula: indications and outcomes.
Orthopedics 1998;21(10):1101-5.

10 Egol KA, Weisz R, Hiebert R, Tejwani NC, Koval K], Sanders RW. Does fibular
plating improve alignment after intramedullary nailing of distal metaphyseal
tibia fractures? J Orthop Trauma 2006;20(2):94-103.

11 Stewart CM, Kiner D, Nowotarski P. Intramedullary nail fixation of fibular
fractures associated with tibial shaft and pilon fractures. J Orthop Trauma
2013;27(5):e114-7.

12 Dombroski D, Scolaro JA, Pulos N, Beingessner DM, Dunbar R, Mehta S. Fibular
fracture stabilization with a guidewire as supplementary fixation in tibia
fractures. Am J Orthop (Belle Mead NJ) 2012;41(11):506-9.

13 Audigé L, Griffin D, Bhandari M, Kellam J, Riedi TP. Path analysis of factors for
delayed healing and nonunion in 416 operatively treated tibial shaft fractures.
Clin Orthop Relat Res 2005;438:221-32.

-

~

14 Leow JM, Clement ND, Tawonsawatruk T, Simpson CJ, Simpson AH. The
radiographic union scale in tibial (RUST) fractures: Reliability of the outcome
measure at an independent centre. Bone Joint Res 2016;5(4):116-21.

15 Meister K, Segal D, Whitelaw GP. The role of bone grafting in the treatment of
delayed unions and nonunions of the tibia. Orthop Rev 1990;19(3):260-71.



https://orcid.org/0000-0001-9832-8140
mailto:drtahakizilkurt@gmail.com
mailto:drtahakizilkurt@gmail.com
https://orcid.org/0000-0002-8208-6519
https://orcid.org/0009-0008-6161-2381
https://orcid.org/0009-0006-8692-0028
https://orcid.org/0000-0001-7472-2901
https://orcid.org/0000-0002-8810-639X

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES

