International Journal of Orthopaedics

Online Submissions: http: //www.ghrnet.org/index.php/ijo
doi: 10.17554/j.issn.2311-5106.2022.09.3246

Int. J. of Orth. 2022 February 28; 9(1): 1591-1596
ISSN 2311-5106 (Print), ISSN 2313-1462 (Online)

ORIGINAL ARTICLE

Surgical Outcome of Forearm Fractures Treated With Titanium

Elastic Nailing System (TENS)

Prakriti Raj Kandel', Bipan Shrestha’, Kishor Man Shrestha', Bodhraj Shah'

1 Department of Orthopaedics and Trauma Surgery, Universal
College of Medical Sciences, Bhairahawa, Nepal.

Conflict-of-interest statement: The author(s) declare(s) that there
is no conflict of interest regarding the publication of this paper.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative Com-
mons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms,
provided the original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Correspondence to: Prakriti Raj Kandel, Department of Ortho-
paedics & Trauma Surgery, Universal College of Medical Sciences
& Teaching Hospital, Bhairahawa, Nepal.

Telephone: +9779858023357

Email: pratul22@gmail.com

Received: January 13, 2022
Revised: January 23, 2022
Accepted: January 25 2022
Published online: February 28, 2022

ABSTRACT

BACKGROUND: Forearm fractures are the most common fracture
in adults due to high energy road traffic accidents (RTA), fall injury
and sports related injury. Open reduction and plate osteosynthesis
is the gold standard treatment of forearm bone fracture. Closed
surgical procedure with titanium elastic nailing system (TENS) has
advantages of minimal tissue dissection, shorter operative time, rapid
union, excellent recovery of range of motion and better cosmetic
outcome compared to ORIF with plating. This longitudinal study was
intended to evaluate the surgical outcome of adults forearm fractures
treated with TENS.

METHODS: This hospital-based, longitudinal, observational
study was conducted in Department of Orthopaedics UCMS-TH
from December 2018 to April 2020. After ethical clearance (UCMS/
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IRC/205/18) from Institutional Review Board (IRB) of UCMS-TH
and informed written consent, all patients with forearm fractures
who fulfilled the inclusion criteria were enrolled in this study and
treated with TENS. Post operatively the patients were followed at 6
wks, 3 months, and 6months for clinical, radiological and functional
assessment as per Grace and Eversman Scoring System. Descriptive
statistics like frequency, percentage, mean and standard deviations
were used to analyze the data and association between different
variables was assessed by Chi-square test and paired t-test. P-value <
0.05 was accepted as statistically significant.

RESULTS: In this study of 120 cases, the mean age was 29.53 +
10.598 years. RTA was the most common mode of injury (76.7%).
Most of the cases were of right side (73.3%) and AO/OTA Type A
(56.7%). The majority of cases (43.33%) were operated within first
day of trauma. The mean duration of surgery was 58.67 + 13.767
minutes and mean duration of hospital stay was 2.60 + 0.77days.
The mean duration of union was 8 weeks. The most common post
op complication was skin irritation at entry site (66.7%). There was
no any significant major complication. The functional outcome
evaluated according to Grace and Eversman Scoring System at the
end of 6 months found good result in 46.67%, Excellent in 30% and
Fair in 23.33%. Pain assessment by VAS score in each follow up
6wks, 3months and 6 months significantly decreased. The paired
T-test showed the mean difference was statistically significant (p <
0.005). The association between Type A and Type B fracture was
found to be statistically significant in terms with fracture union,
duration of surgery and duration of hospital stay (p < 0.005).
CONCLUSIONS: Titanium elastic nailing system (TENS) has
good functional and radiological outcome. Being minimally invasive,
preservation of fracture hematoma, no periosteal stripping, minimal
operative time and duration of hospital stay, less chance of refracture
during implant removal it can adopted as an alternative to ORIF with
plate osteosynthesis in treating adults forearm fracture.
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INTRODUCTION

The forearm plays an important role in positioning of the hand in
space by flexion and extension of the elbow and wrist as well as
pronation and supination through the proximal and distal radioulnar
joint!"!. The forearm bone fracture can therefore result in significant
dysfunction if treated inadequately®. Hence good anatomical
reduction and internal fixation of these fractures are necessary to
restore functiontl.

The average yearly incidence of adults diaphyseal forearm fracture
above the age of 20, remains below 2 per 10,000 people!**. Many
studies have shown that forearm fracture is predominantly more
common in male as compared to female. The proportion of males
patient ranges from 63% to 91%!%. The majority of forearm fracture
occurs between first four decades of life ranging from 24 to 37 years
of age!”®). The most common cause of forearm fracture is high-energy
trauma such as motor vehicle accidents or sports injuries?®!*!!,

Forearm fracture in which adequate alignment cannot be achieved
or maintained by closed means are treated with operative intervention
which includes intramedullary (IM) nailing or open reduction and
plate osteosynthesis®. Although the choice of implant for treatment
of forearm fracture is plate osteosynthesis, complication like
infection, soft tissue striping, disturbance of fracture hematoma and
chances of refracture during implant removal are associated with
such treatment!'?. Another treatment option is TENS, intermedullary
nailing which has advantages like minimal tissue dissection, shorter
operative time, rapid union, excellent recovery of range of motion
and smaller incisions leading to better cosmetic compared to ORIF
with plating!
simple technique with minimal need for soft tissue dissection and
early fracture union due to its elasticity and repeated micro-motion
at the fracture site!'>'. TENS acts as an internal splint aligning the

1314 TENS is not only cost-effective but also involves

fracture fragments. It can also be prebend to achieve the three-point
fixation!'"!8], Hence, it becomes the choice of stabilization of forearm
fractures and has been used in this study as an option for treatment of
adult forearm bone fracture which may overcome the disadvantages

of plate osteosynthesis in future.

METHODS

Study Design/ Place and Duration of Study

This prospective hospital-based, longitudinal and observational study
was carried out in the Department of Orthopedics of UCMS-TH,
Bhairahawa, Nepal from December 2018 to April 2020.

Ethical Approval and Patient Consent

After Ethical clearance (UCMS/IRC/205/18) from the Institutional
Review Board (IRB) of UCMS-TH, all patients with forearm fracture
who fulfilled the inclusion criteria were enrolled in the study. Patients
were informed about the purpose of the study and written consent
was taken. Cases were admitted either via the Outpatient department
(OPD) or the Emergency department of UCMS-TH. Data collection
was done by the researcher.

Sample Size and Sampling Technique

The targeted sample size after using the sample size formula was
30. Convenient sample of 120 patients was selected by using the
purposive sampling technique.
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n=z *pq/d?
n=required sample size p=prevalence of diaphyseal forearm bone
fracture (2%)!".
q=100-p = 100-2=98 z=1.96 taken at 95% confidence interval
d=allowable error taken as 5% n= {1.962 x2x 98}/ 5 =30

Inclusion Criteria

Patient with diaphyseal forearm bone fracture (single bone or both
bone)

Patient age of 18 years or more

Exclusion Criteria

Undisplaced forearm fracture

Open fracture

Patient age less than 18 years

Fracture located other than diaphysis of forearm

Patient Management and Surgical Technique

All procedures were performed under regional anesthesia. Patient
was placed in supine position on the operative table with the arm on
an arm-board. Pneumatic tourniquet was applied in the arm so as
to reduce blood loss and facilitate working surgical field for better
assessment of entry point.

For Radius nailing, around 2cm longitudinal incision was made
over the palpable dorsal tubercle of radius. Next, the subcutaneous
tissue was spread and fascia incised to expose the dorsal tubercle.
After retracting the incision, the awl was directly placed on the
tubercle adjacent to the third compartment containing the extensor
tendons. The awl was directed antero-medially as it drills to perforate
the posterior cortex. At this point it is important to be careful not
to perforate opposite cortex. Under C arm guidance, the nail was
introduced and advanced proximally till the fracture. The fracture
was reduced and the nail advanced proximally to the level of radial
tuberosity and the tip was directed towards the ulna.

For Ulna nailing, around 2cm longitudinal incisions was given
0.5 cm proximal to olecranon tip. Subcutaneous tissue retracted and
entry point was made inserting the bone awl directed obliquely in
a distal direction. The nail was inserted and advanced to the distal
fracture site. Under the C arm guidance fracture was reduced and
the nail was advanced distally to the distal ulnar metaphysis. The
nail was secured in the strong cancellous metaphyseal bone with
the tip rotated towards radius to produce maximum spreading of the
interosseous membrane. X-ray of the forearm in AP view and lateral
view was taken of the affected forearm on the day of surgery (Figure
1). Post operatively patient was kept under above elbow posterior
slab for a period of 6weeks. The dressing was done on the 2%, 4%, 8%,
12" and 14" postoperative day & later depending on the condition of
the wound. Total suture removal was done on the 14th postoperative
day & on the 21st postoperative day in cases of delayed wound
healing. The patient was discharged depending upon the condition of
the wound & the extent of swelling or other associated conditions.

The patients were followed up at two weeks for suture removal &
then at 6weeks, 3 months and 6months. Active exercises were started
at approximately 6 weeks postoperatively and strengthening or
resisted exercises were started around 10 to 12 weeks after surgery.
Standard antero-posterior & lateral radiograph of the affected forearm
were done on each follow up (Figure 2, 3, 4). The clinical and
radiographic results were recorded during each follow-up to ensure
that no intramedullary nail has migrated, no loss of reduction has
occurred, evidence of callus formation and consolidation of fracture.

A functional assessment using Grace and Eversman scoring system
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was done at 6 months and pain assessment done at each follow up findings, its management & regular follow up. Data were entered
by VAS scoring. Any complications such as infection or hardware and analyzed by SPSS Vs.20. Descriptive Statistics like frequency,
complications that occurred were recorded. percentage; mean and standard deviation were used to analyze

the data. Chi-Square test, Independent sample t-test, and ANOVA
Statistical Analysis tests were used as inferential statistics. P-value less than 0.05 were
All the data was collected using preformed Pro-forma that included considered statistically significant.

patients’ demographic profile, general history, clinical & radiological

Figure 1 PRE-OP X-RAY.
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Figure 2 6 Weeks POST-OP X-RAY. Figure 4 6 Months POST-OP X-RAY.
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In the present study, 60% of the patients were between 18-28 years of
age with mean age 29.53 £10.59 (18-55) years. There were 96 males
(80%) and 24 females (20%) with male to female ratio 4:1. Major
cause of fracture was RTA (76.7%) followed by fall injury (23.3%).
Based on AO/OTA classification 68 cases (56.67%) were type A. Out
of a 120 patients, majority of cases had injury of the right forearm
(73.3%). In this study, 52 cases (43.33%) operated within first day
of trauma while 48 cases (40%) operated in second day of trauma
and 20 cases (16.67%) operated in third day of trauma with a mean
of 1.73 + 0.74 days between trauma and surgery. Majority of cases
(56.67%), surgeries were completed within 60 minutes with mean
duration of surgery 58.67 + 13.77 (45-90) minutes. Mean duration of
hospital stay was 2.60 + 0.77 (2-4) days

X-ray of AP and lateral view of the affected side done post
operatively and each follow up at 6 weeks, 3months and 6months
post operatively. Radiological union by callus formation was assessed
at the end of 6weeks, 3months and 6months on radiograph taken in
antero-posterior and lateral views. The average mean duration of
fracture union was 8 (6-12) weeks.

Table 1 GRACE&EVERSMANN SCORING SYSTEM.

RATING RANGE OF MOVEMENT |SCORE
POOR >40

RADIOLOGICAL UNION SCORE
NON-UNION (No visibl ol

Table 2 Association between Fracture Type and Duration of Fracture
Union.

o Weoks_[12 Wecks
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Table 3 Association between Fracture Type and Final Outcome.
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Out of 120 the majority of the cases (n = 80; 66.7%) had skin
irritation at entry site, 28 cases (23.3%) had olecranon bursitis, 12
cases (10%) complained of ulna TENS pull out. No other major
complications were encountered.

Pain assessment was done using Visual analogue scale. In this
study of 120cases, all the patients were evaluated for pain with
Visual Analogue Scale (VAS) in each follow-up at 6week, 3 months,
and 6 months. The paired T-test showed the mean difference was
statistically significant (p value = 0.005). Pain significantly decreased
during 3 months and a 6-month follow-up.

In this study of 120 cases followed up for 6 months postoperatively,
the outcome was evaluated according to Grace and Eversman
Scoring system (GESS)®?* measured at the end of 6 months (Table
1). We found good result in 46.67% cases, excellent results in 30%
cases, Fair in 23.33% cases. The mean Grace and Eversman score
were 8.57.

Association between fracture type and duration of fracture union
(Table 2) is significantly associated (p = 0.030). All of the patients
with type B fracture (N=28) had fracture union within six weeks.
Majority of the type C (N=16; 66.7%) and Type A (N=36; 52.9%)
patients also had fracture union within six weeks.

Final outcome was categorized as Excellent, good and fair based
on Grace and Eversman Scoring system (Table 3). There was no
significant association between fracture type and final outcome (p =
0.268).

Association between fracture type and duration of surgery (Table
4) is significantly associated (p = 0.014). The majority of type A
fracture (82.4%) required less than an hour for surgery whereas most
of the type B (71.4%) and type C (66.7%) took 60-90 minutes for the
procedure.

The association between fracture type and duration of hospital stay
(Table 5) is significantly associated (p = 0.003). The majority of Type
A fracture (82.4%) has less than 2 days of hospital stay and most of
type B and type C has 3-5days of hospital stay.

The association between fracture type and post operative
complications (Table 6) is not significant (p = 0.765). The
complications noted were skin irritation at entry site, olecranon
bursitis and ulna TENS pull out.

Table 4 Association Between Fracture Type and Duration of Surgery.

<smin o050 mn

heer  ogsew  |sgim oo

Table 5 Association Between Fracture Type and Duration of Hospital
Stay.

heer  opsew  |scien oo

Table 6 Association between Fracture type and post op complication.

Olecranon Ulna TENS
bursitis pullout

Skin irritation
at entry site
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DISCUSSION

In our study, the patients ranged from a minimum age of 18 years
& maximum age of 55years. The mean age was 29.53 years. The
commonly involved age group of forearm bone fracture was 18-28
years accounting 60% of study population which was similar to the
study conducted by Chouhan et al®" in which age group involve was
found 18-45yrs (68.33%). This may be accounted to the fact of social
and physical activeness of this particular age group of people.

In this study, Males (80%) were found to injured commonly in a
ratio of 4:1 which was similar to the study done by Chouhan et al?"
in which male predominance was found 78.33% of study population.
The predominance of male patients over females could be due to
Nepalese males being more active outdoors than female counterparts.
In this study, right forearm (73.3%) was the common site of injury of
forearm bone fracture which is similar to the study done by Ruhullah
et al® in which right sided involvement is present in 46cases
(58%) and 33 cases (53.33%) by Chouhan et al®®" The right sided
predominance is due to fact that there is frequent use of dominant
hand during fall or other injuries.

In this study, the major cause of fracture was road traffic accidents
(76.7%) followed by fall injury (23.3%) which was similar to the
study done by Chouhan et al®! 29 (48.33%) patient had RTA. The
higher incidence of road traffic accidents in our study could be
explained by higher vehicular accidents & poor road conditions in
our country!®/,

In our study pain assessment was done using Visual analogue scale
(VAS). In this study of 120 cases, all the patients were evaluated
for pain with Visual Analogue Scale in each follow-up at 6 weeks,
3 months, and 6 months. Compared between 6 weeks and 3 months
the mean difference between the group was 2.0 and was statistically
significant (p < 0.001). Compared between 3 months and 6 months
the mean difference between the group was 2.23 and was statistically
significant (p <0.001). It showed that there was a significant decrease
in pain for 3 months and a 6-month follow-up.

In this study, 56.67% were of AO/OTA type A, followed by type B
(23.33%) and type C (20%) which was similar to the study done by
Blazevic et al®¥. in which AO/OTA type A accounts maximum case
0f 47.92%.

In this study 52 cases (43.33%) were operated within first day of
trauma 48cases (40%) were operated in second day and 20 cases
(16.67%) were operated in third day of trauma which was similar to
the study done by Shah et al®! in which average duration of trauma
and surgery was 4.0 days (range, 0-6days).

In this study maximum duration of surgery was 90 minutes and
the minimum duration was 45 minutes. The majority (56.67%) of
surgeries were completed within 60 minutes. The mean duration
of surgery was 58.67minutes with a standard deviation of 13.767
minutes. This is similar to the study done by Fernandez et al®® in
which average duration of surgery was 48 + 20.25 (19-90) mins
and 43 + 15.30 minutes in Bhuria et al®”). The average duration of
surgery in case of ORIF with plate osteosynthesis is 78 + 28.65min
(37-145) min according to study by Fernandez et al.>® 80.67 minutes
(S.D.£12.288, range 60-90 minutes) according to Chaudhary P et
al?® 132.6 minutes (95-175 minutes) according to Reinhardt et al®”),
Therefore, intramedullary titanium elastic nail has less duration of
surgery time as compare to ORIF.

In this study, the maximum duration of hospital stay was 4 days &
the minimum was 2 days with a Mean of 2.60 days and a Standard
deviation of 0.77 which was similar to study done by Fernandez et
al®®!. in which average duration of hospital stay was 4.33 = 2.50 days
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and 1.6 days (range, 0-4 days) in Shah et al*!,

In this study, callus formation at 6 weeks postoperative was
assessed on radiographs taken in antero-posterior & lateral views of
forearm. At the end of 6 weeks 80 (66.67%) callus formation seen in
AP and lateral views X-ray. The average mean duration of fracture
union was 8weeks, which ranges from 6weeks to 12weeks which was
similar to the study done by Bhuria et al?”. in which average time of
union was 8 weeks and in Chouhan et al®" it was 10 weeks (ranges,
8 to 16 weeks).

In this study, out of 120 patients 80 (66.67%) had superficial
skin irritation at entry site, 28 (23.3%) had olecranon bursitis and
12 (10%) had ulna TENS pull out. No other major complication
was encountered. The common encountered complication was skin
irritation at entry site this may be attributed to the bare nail cut ends
being exposed as nail end caps are not used in our study which
was similar to the study done by Pan Bhuria et al®” in which skin
irritation and nail impingement (40% cases) has been found.

In this study of 120 cases followed up for over 6 months
postoperatively, the outcome was evaluated according to Grace and
Eversman scoring system at the end of 6 months. We found good
results in 46.6% (56 patients), excellent in 30% (36 patients), fair in
23.33% (28 patients). The maximum score was 10 and minimum was
7. The mean Modified Grace and Eversman Scoring system was 8.57
and standard deviation was 1.165. Blazevic et al’®¥. also reported
union rate of 100% with Good to Excellent functional outcome.

CONCLUSION

Titanium elastic nailing system (TENS) has good functional and
radiological outcome. Being minimally invasive, preservation of
fracture hematoma, no periosteal stripping, minimal operative
time and duration of hospital stay, less chance of refracture during
implant removal it can adopted as an alternative to ORIF with plate
osteosynthesis in treating adults forearm fracture.

LIMITATION

The limitations of present study are: Small sample size; Single
centred study; The duration of follow-up was only 6 months, so
the long-term outcome could not be evaluated. Lack of sufficient
article regarding adult forearm bone fracture treated with TENS. No
blinding techniques were used.

ACKNOWLEDGEMENT

I would like to acknowledge all the faculty members and residents
from Department of Orthopaedics, Universal College of Medical
Sciences and Teaching Hospital, Bhairahawa.

REFRENCES

1. Court-Brown CM HJ, McQueen MM, Ricci WM, Tornetta
P, McKee MD. Rockwood and Green’s Fractures in Adults.
Lippincott Williams & Wilkins; 2014.

Chapman MW GE, Zissimos AG. Compression-plate fixation
of acute fractures of the diaphyses of the radius and ulna. JBJS.
1989; 71(2): 159-169. [PMID: 2918001]

Hadden W HR, Seggl W. Results of AO plate fixation of forearm
shaft fractures in adults. Injury. 1983; 15(1): 44-52. [DOI:
10.1016/0020-1383(83)90162-6]

Alffram PA, Bauer GC. Epidemiology of fractures of the forearm:
a biomechanical investigation of bone strength. JBJS. 1962 Jan 1;
44(1): 105-14. [PMID: 14036674]

Bengnér U, Johnell O. Increasing incidence of forearm fractures:



Kandel PR et a/. Surgical Outcome of Forearm Fractures Treated with TENS

12.

16.

a comparison of epidemiologic patterns 25 years apart. Acta
Orthopaedica Scandinavica. 1985 Jan 1; 56(2): 158-60. [DOI:
10.3109/17453678508994345]

Behnke N RH, Nguyen V. Internal fixation of diaphyseal fractures
of the forearm: a retrospective comparison of hybrid fixation
versus dual plating. J Orthop trauma 2012; 26(11): 611-616.
[DOLI: 10.3109/17453678508994345]

Dodge HS, Cady GW. Treatment of fractures of the radius and
ulna with compression plates: a retrospective study of one hundred
and nineteen fractures in seventy-eight patients. JBJS. 1972 Sep 1;
54(6): 1167-76. [PMID: 4346961]

Crow BD MG, Anglen JO. Clinical results of minimal screw plate
fixation of forearm fractures. American journal of orthopedics-
belle mead-. 2007; 36(9): 477-80. [PMID: 17948151]

Bot AG DJ, Lindenhovius AL, Ring D, Goslings JC, van Dijk CN.
Longterm outcomes of fractures of both bones of the forearm.
JBJS. 2011; 93(6): 527- 32. [DOI: 10.2106/JBJS.J.00581]

Droll KP PP, Potter J, Harniman E, Schemitsch EH, McKee MD.
Outcomes following plate fixation of fractures of both bones of
the forearm in adults. JBJS. 2007 Dec 1; 89(12): 2619-24. 91.
[DOI: 10.2106/JBJS.F.01065]

Hong G C-FL, Chang-Qing Z, Hui-Peng S, Cun-Yi F, Bing-
Fang Z. Internal fixation of diaphyseal fractures of the forearm
by interlocking intramedullary nail: short-term results in
eighteen patients. J Orthop trauma. 2005; 19(6): 384-391. [DOI:
10.1097/01.bot.0000157911.76433.db]

Heckman JD MM, McQueen MM, Ricci W, Tornetta III P.
Rockwood and Green’s Fractures in Adults; 2015.

Verstreken L, Delronge G, Lamoureux J. Shaft forearm fractures
in children: intramedullary nailing with immediate motion:
a preliminary report. Journal of pediatric orthopedics. 1988
Jul 1; 8(4): 450-3. (DOI: 10.1097/01241398-198807000-
00013]; [PMID: 3392197]

Reinhardt K FD, Green D. Comparison of intramedullary
nailing to plating for both-bone forearm fractures in older
children. J Pediatr Orthop 2008; 28(4): 4039. [DOI: 10.1097/
BPO.0b013e31816d7112]

Richter D, Ostermann PA, Ekkernkamp A, Muhr G, Hahn MP.
Elastic intramedullary nailing: a minimally invasive concept
in the treatment of unstable forearm fractures in children.
Journal of Pediatric Orthopaedics. 1998 Jul 1; 18(4): 457-61.
[PMID: 9661852]

Lascombes P, Haumont T, Journeau P. Use and abuse of flexible
intramedullary nailing in children and adolescents. Journal
of Pediatric Orthopaedics. 2006 Nov 1; 26(6): 827-34. [DOL:

1596

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

10.1097/01.bp0.0000235397.64783.d6]

Hunter JB. The principles of elastic stable intramedullary nailing
in children. Injury. 2005 Feb 1; 36: A20-4. [DOI: 10.1016/
j-injury.2004.12.009]; [PMID: 15652932]

Johnson CW CK, Morris RP, Gilmer B. Biomechanical study
of flexible intramedullary nails. Journal Pediatr Orthop. 2009;
29(1): 44-48. [DOLI: 10.1097/BPO.0b013e3181911ee3]

Heckman JD MM, McQueen MM, Ricci W, Tornetta III P.
Rockwood and Green’s Fractures in Adults; 2015.

Grace TG, Eversmann Jr WW. Forearm fractures: treatment by
rigid fixation with early motion. JBJS. 1980 Apr 1; 62(3): 433-8
[PMID: 7364814]

Chouhan VP, Ojha AK. Functional outcome of closed diaphyseal
fractures of both bone forearm in adults treated by small dynamic
compression plate fixation in radius & intramedullary nail fixation
in ulna. International Journal of Orthopaedics Sciences. 2019;
5(2): 991-5. [DOI: 10.22271/0rtho.2019.v5.i20.1465]

Ruhullah M SK, Shrestha BA, Gupta KM, Jha KR. Flexible
intramedullary titanium elastic nailing of fracture shaft of radius
and ulna in children at a tertiary care teaching hospital. Ortho
Rheum Open Acces J 2016; 2(2): 555-84. 96 [DOI: 10.19080/
OROAJ.2016.02.555584]

Kandel L, Mishra R, Yadav D, Tripathi S, Shubham S, Chhetri
P. Impact of mandibular third molars on angle fractures: A
retrospective study. Dental Traumatology. 2021; 37(1): 103-7.
[DOTI: 10.1111/edt.12608]

Blazevi¢ D BI, Cuti T, Bakota B, Dobri¢ I, Sabali¢ S.
Intramedullary nailing of adult forearm fractures: Results and
complications. injury.2020 [DOI: 10.1016/j.injury.2020.11.012]
Shah AS LB, Wolter TD, Caird MS, Farley FA, Vander Have
KL. Stabilization of adolescent both-bone forearm fractures: A
comparison of intramedullary nailing versus open reduction and
internal fixation. J Orthop Trauma. 2010; 24(7): 440-447. [DOL:
10.1097/BOT.0b013e3181ca343b]

Fernandez FF EM, Carsten C, Holz F, Schneider S, Wentzensen
A. Unstable diaphyseal fractures of both bones of the forearm
in children: Plate fixation versus intramedullary nailing. Injury.
2005; 36(10): 1210-1216. [DOI: 10.1016/j.injury.2005.03.004]
Bhuria V TT, Parmar K, Panchal H. Evaluation and outcomes of
surgical management of radius Sulna diaphyseal fracture using
titanium elastic nailing system (TENS). /nt J Orthop. 2021; 7(1):
343-346. [DOL: 10.22271/0rtho.2021.v7.11£.2507]

Chaudhary P KG, Rijal R. Randomized controlled trial comparing
outcome of limited contact locking compression plate with limited
contact. Int J Adv Orthop. 2019; 3(4): 1-4.



