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Closed fractures of the humeral,shaft gain their specific characteristics when extending into the
proximal or distal region of the bone. The aim of this work was to analyze the current role of external
fixation in the treatment of these fractures, and to present corresponding cases. In this study, there was
performed an analysis of the treatment using Mitkovic type external fixator in patients with a humeral
shaft fracture extending into the region of greater and lesser tubercle or into the supracondylar region.
The range of motion'in the shoulder or elbow joint (depending on the direction of the fracture extension
from the shaft) was measured in the first week after surgery, on the day of pins removal, and 3 years
after'external fixation. A comparative analysis with data from the literature, regarding both internal and
external fixation of the humerus, was also performed. In the period next after surgery, all patients had
used the operated arm for independent light daily activities. One patient had pin tract infection, what
was successfully treated by more frequent pin dressing and by oral antibiotic therapy. There were no

mechanical or neurovascular complications or problems with fracture healing. All patients returned to
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their full daily activities, with full range of motion. Unilateral external fixation still has its significance in
the treatment of closed humeral shaft fractures with proximal or distal extension, taking into account
advantages such as: rotator cuff preserving, small surgical incisions, sufficient stability, outpatient

controlled dynamization, and absence of the need for implant removal surgery.
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Zatvoreni prelomi dijafize humerusa koji se Sire u proksimalni ili distalni deo kosti su praceni
odredjenim specificnostima. Uz prikaz slucajeva, cilj ovog rada je bilo sagledavanje trenutne uloge
spoljne fiksacije u lecenju navedenih preloma. U ovoj studiji je analizirano leCenje pacijenata sa
prelomom dijafize humerusa koji se Siri u regiju velikog i malog tuberkuluma ili u suprakondilarnu regiju
humerusa, primenom spoljnog fiksatora po Mitkovi¢u. Opseg pokreta u ramenom ili lakatnom zglobu (u
zavisnosti, od pravca Sirenja preloma iz dijafize) meren je u prvoj nedelji nakon operacije, na dan
uklanjanja klinova i 3 godine nakon spoljne fiksacije. lIzvrSena je i komparativna analiza sa podacima iz
literature, koji se odnose kako na unutrasnju, tako i na spoljnu fiksaciju preloma humerusa. U
neposrednom postoperativhom periodu, svi pacijenti su se sluzZili operisanom rukom za samostalno
obavljanje lakSih svakodnevnih aktivnosti. Kod jednog pacijenta je doSlo infekcije oko klina, koja je
uspesno lecena ces¢im previjanjem i oralnom antibiotskom terapijom. Nije bilo mehanickih, niti

neurovaskularnih komplikacija, kao ni problema sa zarastanjem preloma. Svi pacijenti su se vratili
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svakodnevnim aktivnostima u punom obimu, sa potpunim opsegom pokreta. Unilateralna spoljna
fiksacija i dalje ima znacajno mesto u leCenju zatvorenih preloma dijafize humerusa sa proksimalnim ili
distalnim Sirenjem, uzimajuci u obzir prednosti, kao $to su: oCuvanje rotatorne manzetne, mali hirurski
rezovi, stabilnost fiksacije, ambulantno kontrolisana dinamizacija i odsustvo potrebe za hirurSkim

uklanjanjem fiksacionog materijala.

Kljucne redi: spoljna fiksacija, humerus, dinamizacija, stabilnost



Introduction

Surgical treatment of humeral shaft fractures is being mostly performed by internal fixation
today, whereas open reduction and internal fixation (ORIF) by plates is considered as the gold standard
(1-5). Intramedullary (IM) fixation, also often used in the treatment of these fractures, is followed by
lower risk of iatrogenic neurovascular injury, but some studies had confirmed generally lowerfunctional
results in relation to ORIF (2, 4). Such a widespread statement can lead to the question.— where is'the
role of external fixation in humeral shaft fractures treatment today? In addition to its use for primary
fixation of an open fracture, or as a damage control in polytrauma, indications for external fixation (EF)
of humeral shaft fractures include: delayed union or nonunion (the possibility of controlled dynamization
to achieve the compression between bone fragments, thus to stimulate the bone healing), bilateral
fracture (function of the arm during the period next after surgery could be expected as higher in EF than
in internal fixation, due to the shorter surgical incisions and rotator=cuff preserving), and fractures with
insufficient bone mass for stable internal fixation (6-8).

Internal fixation of an oblique and/or comminuted humeral shaft fracture with the extension
proximally or distally could be more difficult./Performing, ORIF in these fractures includes larger surgical
approach, followed by increased risk of n. radialis’lesion (2, 4, 9, 10). Intramedullary fixation of the
fractures where the fracture line extends to the place of the proximal or distal locking screws, or close
to its location, could result in insufficient stability of the fixation (11-14). Regarding these reasons, EF
could also be considered as a method of choice in the fixation of these fractures. External fixation
provides open reduction by less surgical incision, or even closed reduction of these fractures, decreasing
the risk of iatrogenic n. radialis lesion. Also, EF of such fractures does not require incision through the
rotator<cuff,(being necessary in intramedullary fixation), preserving the shoulder function (6, 15, 16).

The aim of this paper was to analyze results and technique of unilateral external fixation in the
treatment of humeral shaft fractures that extend proximally (into the region of humeral tuberosities) or
distally (into supracondylar region). The purpose was also to present an original feature of Mitkovic type
external fixator used — simultaneous providing of: freedom of orientation for each pin, using just one

rod in the frame, freedom of orientation for the rod, and the dynamization feature.



Cases presentation

Three consecutive patients with a closed humeral shaft fracture extending next proximally (one
patient) or next distally (two patients), treated by Mitkovic type unilateral external fixator, are being

presented.

Surgical technique

All pins are set at beginning of the surgery, by free technique, without the need for any guidance.
Four pins are most often being used — two in each of the most peripheral bone fragments. Although,
more pins can be used if necessary. The frame of Mitkovic type external fixator'is being attached after
all pins setting. This frame contains of just 3 components: clamps, claps carriers, and the rod (Fig. 1).
This high adjustable assembly provides using just one rod in the frame, with the freedom of the rod
direction regardless of the pins position. The direction of the rod determines the direction of
dynamization that can be subsequently performed by a temporarily unlocking of some clamp carriers.
The purpose of the dynamization is to allow€ompression between fracture fragments, promoting bone
healing. For these reasons, just the group of clamp carriers that belong to one of the bone fragments
(it is mostly two clamp carriers) is being temporarily unlocked. It is recommended to be performed on
the group of clamp carriers with _the larger distance between. While these clamp carriers are being
unlocked, the dynamization can be performed both by natural strength of the muscles and tendons, and
by the pressure performing on the shoulder in direction to the elbow, while the elbow rests on the
support. For the reasons of dynamization, it is suggested the rod to be in a convergency to the fracture
line. If4¢heyrod were parallel to the fracture line, temporarily clamp carriers unlocking described above

would lead to. more shear and less compression in the fracture.



Figure 1. Clinical presence of pins configuration in the tre meral shaft fracture with distal

extension (A — elbow extended; B — elbow flexed; Patient 2 ith proximal extension (C; Patient

3). Mitkovic type external fixator frame components:ithe rod , clamp carrier (2), and clamp (3).

Safe zones for pins insertion are di , depending on the upper arm level. For humeral shaft
fractures, at least two pins are being d e shaft from the lateral direction.

If the fracture extends proxim another at least two pins are being placed in the proximal

humerus. Here should al n to n. axillaris, located in the region between 5 cm and 7 cm

distal to the acromio since the cortex is thinner and the bone is generally softer in the proximal

humerus, it is recommen to check with intraoperative fluoroscopy whether these pins pass through

the both cort xcept when the pin is directed towards the cartilage — then the tip of the pin should
chondrally). Sometimes, while screwing the pin into the proximal part of the
ially loose contact of the pin to the bone can be observed until the pin is being screwed
r cortex.

If the humeral shaft fracture extends into the supracondylar region, a suitable place for the
distal pins are the trochlea and the supracondylar region, avoiding the olecranon fossa. The bony mass

in these areas provides a solid support for the pins. Lateral supracondylar ridge (crista supracondylaris

lateralis) is considered a factor that can cause the local pin placement difficult. The edge of this narrow



ridge can easily cause slipping of the drill, thus the procedure must be repeated until enough opening
is made in the bone. It is recommended to use a sleeve when drilling on or close posteriorly the lateral
supracondylar ridge of the humerus, both to protect the local soft tissues and to have better control of
the drill. When placing the pin in humeral trochlea, lateral and medial epicondyle of the humerus are
used as the palpatory reference points, keeping in mind that the pin passes 5-10 mm anterior and.distal

to both epicondyles, to provide as more central position of the pin (Fig. 2).
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Figure 2. Schematic presentation,of safe,zones (blue circle slices in transverse views) for external
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fixator pins placement insproximal and distal humerus. The pin in the trochlea (black small circle)

should be placed as centrally as possible, 5-10 mm anterior and inferior to both epicondyles (asterisk).

Case 1:

Male, 22 years old patient suffered a bilateral closed humeral shaft fracture extending distally
into the supracondylar region, sustained in the car accident. Both fractures had a clinically acceptable
initial position for non-operative treatment. Due to the bilateral presence, at least one fracture was
desirable to be treated surgically, so the patient could use that arm more than the other arm non-

surgically treated by a plaster splint. The right side fracture contained one free fragment, while the left



side fracture was without a comminution. To provide as less pain in operated arm during the period next
after surgery, the left arm (without the comminution) was decided to be treated surgically, by closed
reduction (to avoid surgical incisions as more as possible).

Intraoperative reduction of the left side humeral fracture was achieved using a traction
performed by the assistant. There was no angulation. The contact surface between fracture fragments
was 3/4 of the fracture line. A shortening of about 1 cm seemed acceptable. Due to the initial shortening,
the dynamization was not performed in this patient after surgery. External fixator’s frame,was removed
in 8 weeks after surgery, when the plaster splint on the right arm was removed too. Pins were removed
in 9 weeks after surgery. Physical therapy started 3 weeks after pins removal.

This patient used his left arm for some light everyday activities (eatingsrpersonal hygiene,
moving light objects) since the first day after surgery. There was some'secretion around the most distal
pin on 3 weeks after surgery (pin tract infection), and that was successfully treated by pin dressing
twice a week for next 2 weeks and by 7 days of oral antibiotics (Ciprofloxacin). On the 6th day after
surgery, active flexion in the left elbow was feasible in the range of 50-100°. On the day of pins removal,
the range of elbow flexion was 25-120° on the leftiside and 25-110° on the right side. Three years after
external fixation, the range of elbow flexion avas 0-140¢2 on the left side and 15-140° on the right side.

This patient was fully back to the work, as a‘construction worker (Fig. 3).

Case 2:

Male, 23 years old patient suffered a closed right humeral fracture, by the fall at the same level
while holding a‘load in the hands. It was a 2-parts spiral fracture in the humeral shaft extending into
the supracondylar area. As in the Patient 1, intramedullary fixation was not considered here either, due
to the too low position of the fracture. Performing ORIF would require longer surgical incision, increasing
the risk of.n. radialis lesion. The patient was muscular, thus the fixation with one plate would be
considered insufficiently stable, and two plates would be desirable. For these reasons, it was decided to
perform EF.

Intraoperative traction didn’t give an acceptable fracture reduction, due to the muscle
interposition in the fracture area. Therefore, an open reduction was performed throw the lateral incision

of 8 cm length. At outpatient exams, once a week between 5 and 8 weeks after surgery, temporary



unlocking of two proximal clamp carriers was performed to stimulate the dynamization, i.e. fracture
compression. External fixator’s frame was removed 10 weeks after surgery. Pins were removed 11 weeks
after surgery. On the patient’s decision, physical therapy was not performed.

This patient independently used his right arm for light everyday activities already from the first
day after surgery. On the 4th day after surgery, active flexion in the right elbow was feasible in the
range of 30-110°. At the time of pins removal, the right elbow flexion was 10-125°. {The' patient's
occupation was pizza-maker and waiter, and he fully returned to the work 1 month after.pins removal,
when he could perform full extension in the right elbow. Three weeks after external fixation, the range
of flexion in the right elbow was 0-140°. There was no infection around the pins during the fixation in

this patient (Figure 3).
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Figure 3. X-rays of the cases on the day of injury (A), about one week after surgery (B), on the day of

pins removal (C), and three years after external fixation (D).



Case 3:

Male, 65 years old patient suffered the closed left humeral fracture by the fall at the same level.
It was an oblique and comminuted fracture in the proximal humeral shaft, extending into the region of
tubercles. Using ORIF in this patient would require long plate, followed by the need for longer incision
and by higher risk of n. radialis lesion. Due to the fracture comminution extending into the_tubercular
region, the stability of proximal locking screws in intramedullary fixation was considered.uncertain{ For
these reasons, it was decided to perform EF.

Intraoperative traction, performed by the assistant, provided clinically correct closed fracture
reduction. At outpatient exams, once a week between 6 and 9 weeks after/surgery;temporary unlocking
of two distal clamp carriers was performed to stimulate the fracture“dynamization. External fixator’s
frame was removed 11 weeks after surgery. Pins were removed 12 weeks after surgery. This patient
decided on his own not to have physical therapy.

The patient successfully used his left arm for light everyday activities on the first day after
surgery, without significant pains in the shoulder. On the 5th day after surgery, active flexion and
abduction were feasible up to 90°. At the time of pins removal, the maximal active left shoulder flexion
and abduction were feasible up to 110°. He'was satisfied to return in hunting as a hobby at 2 months
after pins removal. In this patient, there was not observed a pin tract infection during the fixation (Fig.
3).

Analyzing all<{three patients, the pins unscrewing was followed by a greater mechanical
resistance for pins in thedistal part of the humerus and in the shaft area, compared to the pins in the
proximal part of the humerus. There were no neurovascular complications in any patient.

The, study was performed in line with the Declaration of Helsinki and approved by the Ethics

Board of the University Clinical Center Nis (Decision No. 29879).

Discussion

Closed humeral shaft fractures that are not part of polytrauma are today mostly treated by

internal fixation. Unconformity for the patient and the risk for pin tract infection are considered the main



reason to avoid external fixation. However, some risks are specific for internal fixation of those fractures.
Some studies comparing ORIF and IM fixation of humeral shaft fractures reported that ORIF was followed
by a longer incision, higher risk of iatrogenic injury (especially n. radialis injury), more common
infection, and more common reoperation, while IM fixation was followed by reduced shoulder range of
motion, higher postoperative pain (especially in the shoulder), and higher risk of rotational malalignment
(2, 4,9, 17). In EF, length of the incision at the fracture site (if desired) is determined only,by the need
to perform open reduction. It can be considered that a shorter incision is required in EF.comparing to
ORIF, reducing the risk of open reduction associated complications (iatrogenic injuries, infection). The
importance of the surgical incision length on n. radialis symptoms has been confirmed by lower
prevalence of these symptoms in minimally invasive plate fixation (MIPQ technique) compared to the
more extensive surgical approach (18).

Min et al. have reported that the risk of n. radialis injury in humeral fracture EF is reduced if the
distal pins are placed in the distal 15% of the humerus length (19). The technique described in our study
provides the possibility the pins to be positioned in this part of the humerus.

Since EF of a humeral shaft fracture does not require an incision through the rotator cuff, higher
function of the shoulder could be expected with EF, compared to IM fixation, even the pins are screwed
in the proximal part of the humerus. This was confirmed by the shoulder functionality in the Patient 3.

In addition to rotator cuff damage, proximal nail protrusion and screw pullout could also be
considered the causes of pain and_shoulder ROM reduction in IM fixation of humeral shaft fractures (10,
14, 20). Sobel et al. reported the screw pullout in plate fixation of humerus was more common for non-
locking screws, especially‘in the proximal humerus (21). Since the proximal screws in IM fixation do not
have a locking contact with the nail stem, here could be considered the screw pullout in proximal
humerus can _be expected in IM fixation too. The pullout risk is avoided in EF, since there is a rigid
contact of pins with the frame. Despite the cortex of the proximal humerus is thinner compared to the
shaft, making the strength of the screw-bone contact weaker, some studies have confirmed that EF can
pravide sufficient stability in fractures involving the proximal part of the humerus (15, 16, 22).

Vishwanathan reported about higher risk of fixation failure in distal shaft and supracondylar
humeral fractures using just one plate, and therefore suggested using two fixation plates (23). This
confirms that high biomechanical forces exist in this region of the humerus (11). Since the frame of an

unilateral external fixator is more massive than the plate, there can be considered the unilateral EF is



mechanically stronger than one plate. Here could also be mentioned that a smaller number of pins are
used in EF compared to the number of screws used in ORIF by two-plates, thus the bone mass is being
more preserved. Moreover, less periosteal damage is expected in EF in comparison to two-plates fixation.
External fixator according to Mitkovic provides the possibility of both parallel and convergent pins
orientation. Convergent orientation of the pins/screws provides a more balanced 3D stability of the
fixation, corresponding more to the natural biomechanics of the bone, thus providing a less‘expected
mechanical complications rate (24, 25). Such increased biomechanical stress in the distal part of the
humeral diaphysis is a factor increasing the risk for local periprosthetic fracture occurrence after IM
humeral fixation (12, 13). Since a unilateral external fixation does not include_ any IM.component
concentrating the load to the bone in the small distal contact surface, there can be,considered that the
fracture around implant-bone contact in the distal humeral shaft isfexpected/to be less common in
unilateral EF in relation to IM fixation.

The dynamization was not performed before 5 weeks (Patient 2) and 6 weeks (Patient 3) after
surgery due to the time for soft callus mineralization (the ‘mineralization starts at 2-4 weeks after
fracture) (26). The intention was to start the dynamization only if the callus has a partially higher
strength than at the very beginning of the fracture healing process, thus to reduce the risk of the fracture
dislocation during the temporary unlocking of the elamp carriers. Taking into account that the humerus
is not a load-bearing bone, dynamic fixation gains more significance in the fixation of humeral shaft
fractures (7, 8, 27). Unlike plates, that do not provide the dynamization, and conventional IM nails,
where the transition from initially rigid to postponed dynamic fixation can be achieved only by additional
surgical intervention (interlocking screw removal), external fixation enables a delayed dynamization in
a simple way, in outpatient conditions (7).

According toithe literature, a gentle early rehabilitation can be performed in external fixation of
the'humerus; with recommendation for fractures extending into the proximal part of the humerus to be
more gently. Since Daoub et al. reported that 14 weeks after the fracture are being considered the
average healing time for humeral shaft fractures in external fixation. Therefore, even the physical
therapy started in the third month after surgery in the Patient 1, a caution with the arm loading could
be recommended during the first 3 months after surgery in a humeral shaft fracture external fixation.
Our study confirmed that the position of unilateral external fixation pins in the humerus near the elbow

or the shoulder joint do not compromise performing many light daily activities (hygiene, nutrition, etc.)



in the period next after surgery. Here was also confirmed that, although the pins pass through the region
of the muscles acting in elbow or shoulder motions, the range of movements in these joints gradually

increases during the period of external fixation.

Conclusion

Although ORIF and intramedullary fixation are being mostly used today, external fixation of
closed humeral shaft fractures with proximal or distal extension still has its place in the treatment of
these injuries. In addition to its disadvantages (discomfort for the patient during the fixation, the need
for regular dressings for at least 2 months, the risk of infection around the pins);.external fixation of
such fractures has also its advantages, such as the possibility of closed or minimally opened reduction,
a low risk of n. radialis lesion, preservation of the rotator cuff, no implant/protrusion requiring surgical
reintervention, and sufficient stability in humeral shaft fractures extending distally. The application of
Mitkovic type unilateral external fixator has been confirmed'as a simple surgical technique, with full
freedom of orientation of just one rod used, regardless of pins orientation. Using this device provides a
simply performable delayed dynamization inhese fractures. Injured arm can be gently used next after

surgery, with the start of more intensive physical therapy in the 3™ month postoperatively.

Acknowledgements

This study is supported by the project “Virtual human osteoarticular system and its application

in preclinical and clinical practice” [No. 11141017 and 451-03-137/2025-03/200113], funded by the

Ministry ofi:Science; Technological Development and Innovation of Republic of Serbia.



References

1. Sidhu GS, Jain D, Selhi HS, Kaur H, Rowinski S, Pattnaik S et al. A prospective cohort study:
promising results with minimally invasive plate osteosynthesis of anterior bridge plating in adult
humeral shaft fractures. Clin Shoulder Elb 2024;27(4):479-486.

DOI: 10.5397/cise.2024.00423. PMID: 39523785. PMCID: PMC11615461.
https://pmc.ncbi.nim.nih.gov/articles/PMC11615461/

2. Derbas J, Moghamis I, Alzobi O, Elshoeibi A, Murshid A, Ahmed G. Outcomes of intramedullary
nailing versus plate fixation for humeral shaft fractures: a retrospective cohort study. Eur J
Orthop Surg Traumatol 2025;35(1):63.

DOI: 10.1007/s00590-025-04181-z. PMID: 39915345. PMCID>PMC€11802612.
https://pmc.ncbi.nlm.nih.gov/articles/PMC11802612/

3. Lakhani A, Sharma E, Kapila A, Singh S. Data on inter-locking nail in humeral shaft fractures
among Indian patients. Bioinformation 2022; 18(9):811-815.

DOI: 10.6026/97320630018811. PMID: 37426500. PMCID: PMC10326322.
https://pmc.ncbi.nlm.nih.gov/articles/PMC10326322/

4. Daoub A, Ferreira PMO, Cheruvu S, Walker M, Gibson W, Orfanos G et al. Humeral shaft
fractures: A literature review on current treatment methods. The Open Orthopaedics Journal
2022; 16:1.

DOI: 10.2174/18743250-v16-e2112091
https://www.openorthopaedicsjournal.com/VOLUME/16/ELOCATOR/e187432502112091/FULLT
EXT/

5. {(Gangwar V, Goel N, Dua A, Dhankhar V, Mathur M, Rajpal K et al. A comparison of anteromedial
plating versus anterolateral plating for humerus shaft fractures using the anterolateral approach.
Cureus 2024;16(3):e57235.

DOI: 10.7759/cureus.57235. PMID: 38686267. PMCID: PMC11056766.
https://www.cureus.com/articles/224790-a-comparison-of-anteromedial-plating-versus-
anterolateral-plating-for-humerus-shaft-fractures-using-the-anterolateral-approach#!/

6. Ruland WO. Is there a place for external fixation in humeral shaft fractures?. Injury

2000;31(1):27-34.


http://dx.doi.org/10.2174/18743250-v16-e2112091

10.

12.

12.

DOI: 10.1016/s0020-1383(99)00260-0. PMID: 10717271.
https://www.sciencedirect.com/science/article/abs/pii/S0020138399002600

Marongiu G, Dolci A, Verona M, Capone A. The biology and treatment of acute long-bones
diaphyseal fractures: Overview of the current options for bone healing enhancement. Bone Rep
2020; 12:100249.

DOI: 10.1016/j.bonr.2021.101085. PMID: 32025538. PMCID: PMC6997516.
https://pmc.ncbi.nlm.nih.gov/articles/PMC6997516/

Rupp M, Biehl C, Budak M, Thormann U, Heiss C, Alt V. Diaphyseal long bone 'nonunions - types,
aetiology, economics, and treatment recommendations. Int Orthop 2018;42(2):247-258.

DOI: 10.1007/s00264-017-3734-5. PMID: 29273837.
https://link.springer.com/article/10.1007/s00264-017-3734-5

Flick TR, Wang CX, Lee OC, Savoie FH 3rd, Sherman WF. Similar complication rates for humeral
shaft fractures treated with humeral nails versus' open reduction and internal fixation with
plating. Orthopedics 2022; 45(3):156-162.

DOI: 10.3928/01477447-20220128-03. PMID: 35112958.
https://journals.healio.com/do0i/10.3928/01477447-20220128-03

Den Hartog D, Mahabier KC, Van.Bergen SH, Verhofstad MHJ, Van Lieshout EMM. Functional and
clinical outcomes after plate osteosynthesis versus intramedullary nailing of a humeral shaft
fracture: The results of the HUMMER Multicenter, prospective cohort study. J Bone Joint Surg
Am 2023; 105(14):1101-1141.

DOI: 10.2106/JBJS.22.00647. PMID: 37220192.
https://journals.lww.com/jbjsjournal/fulltext/2023/07190/Functional_and_Clinical_Outcomes_
After_Plate.8.aspx

Sobel AD, Shah KN, Raducha J, Koeller E, Ibrahim LI, Paxton S. Failure of humeral shaft fixation:
construct characteristics. Eur J Orthop Surg Traumatol 2023;33(8):3637-3641.

DOI: 10.1007/s00590-023-03587-x. PMID: 37268871.
https://link.springer.com/article/10.1007/s00590-023-03587-x

Zhang MR, Zhao K, Guo JL, Chen HY. Locking compression plate fixation of periprosthetic distant
humeral fracture after intramedullary nail for humeral shaft fracture: A case report. Trauma Case

Rep 2021;37:100565.



13.

14.

15.

16.

17.

18.

DOI: 10.1016/j.tcr.2021.100565. PMID: 34977318. PMCID: PMC8683643.
https://www.sciencedirect.com/science/article/pii/S2352644021001709

Divecha HM, Marynissen HA. Distal humeral fixation of an intramedullary nail periprosthetic
fracture. Case Rep Orthop 2013; 690906.

DOI: 10.1155/2013/690906. PMID: 23662231. PMCID: PMC3639670.
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/690906

Congia S, Palmas A, Marongiu G, Capone A. Is antegrade nailing a proper option.in 2-.and 3-
part proximal humeral fractures?. Musculoskelet Surg 2020; 104(2):179-185.

DOI: 10.1007/s12306-019-00610-5. PMID: 31183680.
https://link.springer.com/article/10.1007/s12306-019-00610-5

Liu S, OuYang L, He X, Liu J, Peng L, Rai S et al. A rare combined injury in children during side
impact: The possible mechanism and treatment results. Orthop Surg 2024;16(2):357-362.
DOI: 10.1111/0s.13958. PMID: 38111013. PMCID:' PMC10834184.
https://onlinelibrary.wiley.com/doi/epdf/10.1111/0s.13958

Maluta T, Amarossi A, Dorigotti A, Bagnis¢F, Samaila EM, De Luca L et al. External fixation can
be an option for proximal humerus fractures Neer 3-4. Acta Biomed 2020; 91(14-S):e2020017.
DOI: 10.23750/abm.v91i14-S.10979. PMID: 33559622. PMCID: PMC7944700.
https://pmc.ncbi.nlm.nih.gov/articles/PMC9437676/

Heck R, Marinescu R, Janda H, Cooper S, Schroeder J. Is humeral segmental defect replacement
device a stronger construct.than locked IM nailing?. Clin Orthop Relat Res 2010; 468(1):252-
258.

DOI:110.1007/s11999-009-0947-y. PMID: 19543862. PMCID: PMC2795839.
https://journals.lww.com/clinorthop/abstract/2010/01000/is_humeral_segmental_defect_repla
cement_device_a.37.aspx

Zhang Z, Lin Z, Qiu Q, Xiao X, Su S, Wen X et al. Systematic review of humeral shaft fracture
(OTA/AO 12) complicated with iatrogenic radial nerve injury. Eur J Med Res 2024;29(1):385.
DOI: 10.1186/s40001-024-01981-7. PMID: 39054555; PMCID: PMC11270843.

https://link.springer.com/article/10.1186/s40001-024-01981-7



19.

20.

21.

22.

23.

24.

Min JJ, Ryu YJ, Sung KH, Lee J, Kim JY, Park MS. Anatomic consideration of the radial nerve in
relation to humeral length for unilateral external fixation: a retrospective study using magnetic
resonance imaging findings in korean. BMC Musculoskelet Disord 2023;24(1):380.

DOI: 10.1186/s12891-023-06474-y. PMID: 37189124. PMCID: PMC10184365.
https://link.springer.com/article/10.1186/s12891-023-06474-y

Pidhorz L. Acute and chronic humeral shaft fractures in adults. Orthop Traumatol Surg.Res 2015;
101(1):S41-S49.

DOI: 10.1016/j.0tsr.2014.07.034. PMID: 25604002.
https://www.sciencedirect.com/science/article/pii/S1877056814003430

Sobel AD, Shah KN, Raducha J, Koeller E, Ibrahim LI, Paxton S. Failure of humeral shaft fixation:
construct characteristics. Eur J Orthop Surg Traumatol 2023;33(8):3637-3641.

DOI: 10.1007/s00590-023-03587-x. PMID: 37268871.
https://link.springer.com/article/10.1007/s00590-023-03587-x

Xing B, Zhang Y, Hou X, Li Y, Li G, Han G. Digital analysis of external fixation area of proximal
humerus fractures in elderly patients. BMC Musculoskelet Disord 2021;22(1):991.

DOI: 10.1186/s12891-021-04826-04PMID: 34836534. PMCID: PMC8626931.
https://pmc.ncbi.nlm.nih.gov/articles/PMC8626931/

Vishwanathan K. Implantology of fracture of the distal humerus. In: Banerjee A, Biberthaler P,
Shanmugasundaram S. Handbook. of orthopaedic trauma implantology. Singapore: Springer;
2023.

DOI: 10.1007/978-981-15-6278-5_69-1
https://books.google.rs/books?hl=sr&Ir=&id=AYHgEAAAQBAJ&oi=fnd&pg=PR6&dg=%22Hand
book+of+orthopaedic+trauma-+implantology%622&ots=tSwMFEgJAK&sig=0jJ7hX0-
9149G6Q3LQFIzhBqIPY&redir_esc=y#v=onepage&q—=%22Handbook%200f%200rthopaedic%2
Otrauma%o20implantology%e22&f=false

Grubor P, Grubor M, Golubovic I, Stojiljkovic P, Golubovic Z. Importance of external fixation in
primary treatment of war wounds to the extremities. Acta Fac Med Naiss 2011;28(4):225-233.
UDC: 616.71-001.5-089.21/.22

https://pgrubor.org/wp-content/uploads/2015/05/import_ext_fix.pdf



25.

26.

27.

Stojiljkovic P, Golubovic Z, Mladenovic D, Todorovic M, Kostic I, Vidovic D et al. External fixation
of tibial shaft fractures in polytrauma patients. Acta Medica Medianae 2006;45(2):21-26.

UDC: 16; YU ISSN 0365-4478
https://publisher.medfak.ni.ac.rs/AMM_1/amm-stari/2006-html/2-
broj/SPOLINA%20FIKSACIJA%20PRELOMA%20POTKOLENI. pdf

Handool KO, Ibrahim SM, Kaka U, Omar MA, Abu J, Yusoff MSM et al. Optimization of a closed
rat tibial fracture model. J Exp Orthop 2018; 5(1):13.

DOI: 10.1186/s40634-018-0128-6. PMID: 29721763. PMCID: PMC5931953.
https://link.springer.com/article/10.1186/s40634-018-0128-6

Beralin-Coronel L, Cardenas-Escalante J, Sinti-Paredes DA, Chamorro-Robles F, Porres-Varona
W. Nonunion of diaphyseal humerus fracture in an infant: A’ease,report. JBJS Case Connect
2023: 13(2):e22.00764.

DOI: 10.2106/JBJS.CC.22.00764.
https://journals.lww.com/jbjscc/abstract/2023/06000/nonunion_of_diaphyseal _humerus_fract

ure_in_an.12.aspx





