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Effect of reaming on intramedullary nailing of humeral shaft fractures

ﬂbstract \

Introduction: Humeral shaft fractures are highly prevalent. These fractures can lead to complications and
significantly impact quality of life. Choosing the appropriate surgery type presents challenges of high cost, and
economic burden. We are investigating and comparing the outcome of Intramedullary Nailing (IMN) surgery with
reaming and nailing without reaming as a treatment method for humeral shaft fractures and its outcomes.
Materials & Methods: This study was a prospective cohort study that examined patients with humerus shaft
fractures in 2023. The study was conducted on nailing humeral fractures in a teaching hospital. The patients were
randomly divided into two groups: One group was treated with intramedullary nailing with reaming, and the other
group without reaming. The patients were monitored for pain, delayed union, non-union, infection, radial nerve
palsy, and healing status at intervals of two weeks, one, three, and six months after surgery.

Results & Discussion: Sixty-nine patients including 29 in non-reamed and 40 in the reamed cases were studied.
Union was observed at 11.1+3.5 weeks in non-reamed and 8.2+1.9 in reamed group, delayed union was observed
in 3 of non-reamed and 2 of reamed cases. One case of non-union was in non-reamed group. In the second week
of the follow-up, the reamed group reported significantly higher pain levels; however, no significant difference
was observed in the 4th and 12th weeks of follow-up. There was no significant difference between the two groups
regarding complications.

Conclusion: Reamed IMN of humeral fracture can reduce the union time, and helps to lower the occurrence of
delayed union and non-union. However, the patients would experience more pain in few first post-surgery weeks
and reaming.
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Introduction

Humeral fractures can be classified into three types based on their location.
These types include proximal fractures, shaft fractures, and distal fractures
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with the shaft being most common type. Shaft fractures are the second most
common fracture in the general population. According to the latest reports,
the prevalence of this fracture is estimated to be between 3-5% in 2023,
The symptoms of humerus bone fractures usually include pain, swelling,
inability to move, and limb deformity'™. Diagnosis of bone fractures is based on
the loss of periosteum integrity and sometimes the apparent displacement of
bones in radiographic images'?. The treatment of this fracture is based on the
type and location of the fracture and radiological criteria, which can take the
form of non-surgical and surgical treatment®®). Non-surgical treatment
includes using a splint or arm sling, while surgical treatment includes external
fixation, open reduction, internal fixation (ORIF), and intramedullary nailing
(IMN)®, Complications associated with surgical treatment include fracture
non-union, delayed union, and damage to the radial nerve, which can be seen
in up to 18% of cases®.

In cases of pathological unstable fractures, fragmented bone, osteoporotic,
and high-energy fractures, physicians usually perform IMN®®, This procedure
can be done with or without reaming, which is the process of widening the
medullary canal to allow for the passage of the nail”.
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Studies have shown that reaming and using larger nail
sizes can help increase bone stability®®. Moreover,
reaming has been shown to speed up the bone union
process. It does this by separating debris cells that
could contain osteoblasts and stem cells, which are
crucial in bone grafting and accelerating the bone
union process®Y) Additionally, reaming increases
the blood supply under the periosteum, which can
reduce the time required for bone union*?.
Intramedullary nails, made of titanium, have been
observed to accelerate callus formation, increase the
rate of bone union, and reduce the time required for
bone union?,

Multiple studies have demonstrated higher union
rates and lower rates of return to the operating room
using reamed intramedullary nailing compared to un-
reamed intramedullary nails*>*%. Most of the studies
have compared IMN with non-reamed and reamed
methods in tibial and femoral fractures, and reaming
has been associated with a reduction in the time
required for bone union and an increase in the rate of
bone union’®), On the other hand, reaming can have
complications such as bleeding, the need for blood
transfusion, fat embolism syndrome, and heat-
induced necrosis®>'78) However, in a study by
Achecar et al. 1997, it was observed that non-reamed
IMN in humeral fractures was associated with a
shorter time for radiological evidence of fracture
improvement compared to reamed IMN®9),

Humeral shaft fractures are highly prevalent among
young and working populations, as well as elderly and
disabled individuals. These fractures can lead to
complications and significantly impact quality of life.
Choosing the appropriate surgery type presents
challenges, high costs, and an economic burden, and
more studies in this area need to be conducted. To
address this issue, we investigated the outcome of
IMN surgery with and without reaming as a
treatment method for humeral shaft fractures.

Materials & Method

Study Design

This study was a prospective cohort study that
examined patients with humerus shaft fractures in
2023. The study was conducted in Kashani and Al-
Zahra hospitals in Isfahan, Iran, and was approved by
the Ethics Committee of Isfahan University of Medical
Sciences (Code:IR.MUI.MED.REC.1402.300).

—
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Inclusion Criteria

To be included in the study, patients had to suffer
from humerus shaft fractures, be between the ages
of 20 and 60, have no history of musculoskeletal
disease, not be taking any drugs that interfere with
the bone union, and participate in all follow-up
courses. They also had to meet other criteria, such as
having no previous fractures, no current open
fractures, and no vascular or nerve damage with the
current fracture.

Treatment Groups

The patients were randomly divided into two groups:
one group was treated with intramedullary nailing
with reaming, and the other group received humerus
shaft fixation with intramedullary nailing without
reaming.

Surgical Procedure

The surgical approach for the anterolateral shoulder
begins with a 3-4cm incision along the anterolateral
border of the acromion. Tenotomy is performed to
develop a soft tissue plane, followed by cautery
through subcutaneous tissue. Sharp dissection is
carried out through fascia, bursa, and rotator
interval. The surgeon marks out the acromion's
anterior, lateral, and posterior borders before making
the incision and dissecting along the anterolateral
border of the acromion down to the rotator cuff
interval.

For guidewire insertion, the start point is between
the greater tuberosity and the sulcus in the center of
the humeral head. The aim is to have a 50% bare area,
with the guidewire malleted into place and checked
on fluoroscopy. The rotator interval is divided, and
the guidewire is driven down the canal on power. AP
and lateral fluoroscopy views ensure the guidewire is
centered in the canal. A lateral entry awl or reamer
(approximately 8mm) with a soft tissue protector is
used to ream until it hits the stop plate.

Fracture reduction is achieved by applying manual
traction, varus/valgus, and rotational force. Once
reduced, a long ball-tip guidewire is manually pushed
past the fracture site using a T-handle with a slight
bend at the tip. The guidewire is malleted to the distal
aspect of the humerus (olecranon fossa) and checked
on AP/lateral fluoroscopy. A radiolucent ruler is used
to measure the appropriate nail length on AP
fluoroscopy of the shoulder. Rechecking the fracture
site is essential to ensure no gapping for accurate
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length measurement. If segmental comminution
exists, the contralateral side can be measured to
determine the intact humerus length.

For nail insertion, the nail is assembled on the back
table, ensuring the targeting guide aligns with the
holes in the nail and checking sleeves for each
interlock hole. The top locking screw is tightened with
a pumpkin screwdriver to lock the assembly together.
The nail is inserted over the guidewire, following its
6° lateral bend, and malleted with a strike plate. The
targeting jig should be 30° anterior to the bed for
proper alignment. The nail is held by the handle, not
the targeting guide, and advanced manually or with a
mallet to the fracture site, checking on AP/lateral
fluoroscopy. Manual advancement past the fracture
site is preferred to avoid iatrogenic comminution or
new fracture lines. The nail is inserted entirely and
seated fully, with seating in the humeral head
checked. It is essential to bury the nail 7-10mm to
decrease the incidence of shoulder pain. Finally, the
long balltip guidewire is removed. For the non-
reamed group, the reaming process is omitted. The
nail is fixed, specifically the Biotech brand (Figure 1 to
3).

Figure 1: Before surgery

——

Figure 2: Three months after
reaming surgery
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Outcome Measures
Shoulder mobility restriction was considered 50-60%
one month post-intervention, 20-30% at three
months, and 5% at six months. Patients' Demographic
information, including age and sex, was recorded in
the checklist. The patients were monitored for pain,
complications such as delayed union, non-union,
superficial infection, deep infection, radial nerve
palsy, comminution at the fracture site, and welding
condition by X-ray at intervals of two weeks, one
month, three months, and six months after surgery.
In our study, a delayed union was considered if it took
more than three months for the union, and a non-
union was considered if the union was not achieved
after six months.

Statistical Analysis

Data analysis was done using IBM SPSS 28. After using
the Kolmogorov-Smirnov test, the mean+SD was used
to describe continuous variables, and the number (%)
was used to describe categorical variables.
Independent t-student, Chi-square test, and one-way
ANOVA were performed to compare the effect of the
intervention. A p-value less than 0.05 was considered
statistically significant (two-sided).

Figure 3: Six months after
reaming surgery

——
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Sixty-nine individuals were included in this study,
with a mean%SD age of 35.31£10.2 years. Out of them,
35 (50.7%) were male. The participants were divided
into two groups: non-reamed (29 individuals) and
reamed (40 individuals), as shown in Table 1. Table 1
shows no significant age or sex differences between
groups.

Participants were assessed based on the study's
outcomes; the results are presented in Table 2.
According to the outcome comparison, the union
duration was significantly less in the Ream group than
in the non-reamed group (P<0.001). The reamed
group also had fewer delayed unions, although this
difference was not statistically significant. Only one
case of non-union was observed in the study, which
was in the non-reamed group. Regarding pain scores,
it was found that during the second week of the
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follow-up period, the Ream group reported
significantly higher pain levels (P<0.001). However,
no significant differences were observed in the 4th
and 12th weeks of the follow-up.

The study also investigated the complications of
fracture and intervention in patients, and the results
are presented in Table 3. As shown, there was no
significant difference between the two groups
regarding complications.

Fracture of the humerus is a common orthopedic
problem often associated with several complications.
The availability of various treatment methods makes
it challenging to select the appropriate type of
treatment for the humerus fractures. Reaming and
non-reaming IMN are two procedures used to treat
humerus fractures. In this study, we investigated the
efficiency of these two procedures.

Table 1: Demographics variables

non- Ream (n=29) Ream (n=40) P-value
Age (year), meanSD ! 37.5+12.3 33.848.2 0.14
Sex (male), No (%)? 17 (58.6) 18 (45.0) 0.26
!Indipendent t-test; 2Chi-squar; SD= standard deviation

Table 2: Comparison of outcomes

non- Ream (n=29) Ream (n=40) P-value

Weeks to union, mean+SD ! 11.1£3.5 8.2+1.9 0.001
Delayed union, No (%)? 3(10.3) 2 (5.0) 0.64
Non-union, No (%)? 1(3.4) 0 (0) 0.42

Pain score at week 2, mean+SD * 3.2+0.7 3.810.6 0.001
Pain score at week 4, mean+SD ! 2.0£0.7 1.9+0.6 0.50
Pain score at week 12, mean+SD ! 0.5+0.5 0.4+0.5 0.95
ROM at week 2, meanSD ! 31.2+6.3 49.3+7.1 0.001
ROM at week 4, meanzSD ! 15.6+4.2 18.445.3 0.021
ROM at week 12, mean+SD * 6.1+2.2 4.2+1.8 0.001

lIndipendent t-test; 2Chi-squar; SD= standard deviation, ROM= Range of motion

Table 3: Comparison of complications

non-Ream (n=29) Ream (n=40) P-value
Superficial infection, No (%)* 1(3.4) 2 (5.0) 1.00
Deep infection, No (%)* 0 (0) 0 (0) -
Radial nerve palsy, No (%)* 0 (0) 0 (0) -
Comminution at fracture site, No (%)* 0(0) 0(0) -
1Chi-squar; SD= standard deviation
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Non-union and delayed union are significant
complications of humerus fractures, which may occur
in both surgical and non-surgical cases?>?). The
incidence of these complications has been reported
to range from 2% to 10% in surgical treatments,
which is consistent with the findings of our study?24,
We observed that 5% of patients in the Ream IMN
group and 10% in the Non-Ream IMN group
experienced delayed union.

Our study revealed that patients who underwent
Non-Ream IMN surgery took longer to achieve union
than those in the Ream IMN group. The mean time
reported for the Non-Ream IMN group was 11.1
weeks, while the Ream IMN group took 8.2 weeks to
achieve union. Similarly, in the study of COURT-
BROWN et al., which was conducted on 50 patients,
it was seen that in patients who were reamed IMN,
the time required for the union was shorter, and in
20% of non-reamed patients, the need to replace the
nail was reported due to delay in the union®®.

In Larsen et al.'s study, which involved 45 patients
with tibial fractures, it was observed that those who
underwent reamed nailing had a lower incidence of
delayed union and non-union®. A 2016 meta-
analysis of 1078 patients found femoral fractures
treated with reamed intramedullary nailing union
were faster than those treated with non-reamed
nailing™®. The shorter union time in the reamed
group may be due to the reaming process itself,
which increases blood supply six-fold by putting
pressure on the vessels under the periosteum,
thereby reducing the time required for a union*?,
Furthermore, some studies have shown that the
debris cells separated during reaming may contain
osteoblasts and stem cells, which act as bone grafts
and facilitate bone union%#),

In our study, only one case of non-union was seen in
the non-reamed group. However, there was no
significant relationship between the type of
operation (reamed IMN or non-reamed IMN) and
non-union occurrence. This finding is in line with the
study of Enes Ocalan et al., and it has been seen that
smoking and underlying diseases such as diabetes,
heart, and kidney disease are risk factors for not
eating well in these patients?®). It has also been seen
in previous studies that old age, various medical co-
morbidities, sex, smoking, use of non-steroidal anti-
inflammatory drugs, various genetic disorders,
metabolic disease, malnutrition, and use of steroids
and fracture pattern, location and displacement, the
severity of soft tissue damage, the degree of bone
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loss, the quality of surgical treatment, and the
presence or absence of infection are also involved in
non-union?#2728)_patients who have these conditions
were excluded from the study.

One of the most common complications after surgery
is postoperative pain, which is debilitating and
negatively affects the patient's quality of life in the
long term®. In our study, the mean pain score in the
second week after the operation for the reamed
group was higher than the non-reamed group, but no
clear difference was seen in the pain of the two
groups in the 4th and 12th weeks. Pain experienced
during the first few weeks after surgery may be
caused by various factors, such as cytokines,
prostaglandins, histamine, and bradykinin, which are
produced due to the bone healing process®?. The
pain may also result from the reaming process and
the type of surgical procedure that involves
introducing nails into the bone marrow, which may
affect the nearby nerves®”. On the other hand,
activities such as weight bearing and walking before
successful and complete healing and re-modeling can
affect the patient's pain, although this issue has not
been investigated explicitly in these people®?.
Overall, our study had some limitations. It was done
in a single center with a limited sample size, which
may affect the generalizability of our findings, so
multicenter studies with a larger sample size are
recommended to improve the results and increase
accuracy. In addition, the variables that may affect
the wunion process should be investigated as
confounding variables in future studies, and their role
in the amount of union delay should be investigated.
It is also recommended that some significant life-
limiting complications of reaming, including bleeding
and the need for blood transfusion, fat embolism,
and necrosis caused by heat, should also be
investigated in the follow-up of patients. The strength
of the present study includes the prospective design
and follow-up of patients and the examination of
some of the most common and essential
complications, which have yet to be extensively
investigated in the center where our study was
conducted.

Conclusion

The reamed IMN procedure can reduce the time it
takes for a humerus fracture to heal. It can also lower
the occurrence of delayed union and non-union.
However, the only significant downside of using this




Mahdi Hadian et al.

method is the pain that patients may experience in

the first few weeks after surgery. This pain gradually
subsides, and no other side effects have been
observed. It is recommended that some significant
life-limiting complications of the reaming, including
bleeding and the need for blood transfusion, fat

embolism,

and necrosis caused by heat, be

investigated in the follow-up of patients.

References

1

10

11

12

weatherford B. Humeral Shaft Fractures ortho bullets,2023
[Available from:
https://www.orthobullets.com/trauma/1016/humeral-
shaft-fractures.

von Falck C, Hawi N. Fracture diagnosis: upper extremities :
Shoulder and shoulder girdle]. Radiologe. 2020;60(6):541-8.
https://doi.org/10.1007/s00117-020-00682-6

Humeral Shaft Fracture TeachMeSurgery [updated 2022.
4:[Available from:
https://teachmesurgery.com/orthopaedic/shoulder/humera
I-shaft-fracture/.

Saha MK, Alam MJ, Kabir SJ, Karim MR, Kamruzzaman M,
Rahman MM, et al. Management of Distal Third Comminuted
Humerus Shaft Fracture by LCP Using Posterior Approach.
Mymensingh Med J. 2019;28(2):291-7.

Ostermann RC, Lang NW, Joestl J, Pauzenberger L,
Tiefenboeck TM, Platzer P. Fractures of the Humeral Shaft
with Primary Radial Nerve Palsy: Do Injury Mechanism,
Fracture Type, or Treatment Influence Nerve Recovery? J Clin
Med. 2019;8(11). https://doi.org/10.3390/jcm8111969.
Baltov A, Mihail R, Dian E. Complications after interlocking
intramedullary nailing of humeral shaft fractures. Injury.
2014;45 (1): 9-15.
https://doi.org/10.1016/j.injury.2013.10.044.

Basic principles of intermedullary nailing AO foundation:
surgery reference; [Available from:
https://surgeryreference.aofoundation.org/orthopedic-
trauma/adult-trauma/basic-technique/basic-principles-of-
im-nailing.

Helmig KC, Kakish S, DeCoster TA. Reaming Errors in
Intramedullary Nailing. Western Journal of Orthopaedics.
2022;11(1):17.
https://digitalrepository.unm.edu/wjo/vol11/iss1/3
Bhandari M, Guyatt G, Tornetta P, 3rd, Schemitsch EH,
Swiontkowski M, Sanders D, et al. Randomized trial of
reamed and unreamed intramedullary nailing of tibial shaft
fractures. J Bone Joint Surg Am. 2008;90(12): 1274-1275.
Frolke JP, Nulend JK, Semeins CM, Bakker FC, Patka P,
Haarman HJ. Viable osteoblastic potential of cortical
reamings from intramedullary nailing. J Orthop Res.
2004;22(6): 1271-1275.
https://doi.org/10.1016/j.orthres.2004.03.011.

Reynders PA, Broos PL. Healing of closed femoral shaft
fractures treated with the AO unreamed femoral nail. A
comparative study with the AO reamed femoral nail. Injury.
2000;31(5):367-371. https://doi.org/10.1016/5S0020-
1383(00)00005-X.

Li AB, Zhang WJ, Guo WJ, Wang XH, Jin HM, Zhao YM. Reamed
versus unreamedintramedullary nailing for the treatment of
femoral fractures: A meta-analysis of prospective

(
{ 120

Iranian Journal of Orthopaedic Surgery

Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 115-121

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

randomized controlled trials. Medicine (Baltimore).
2016;95(29):e4248. 10.1097/MD.0000000000004248.
Clatworthy MG, Clark DI, Gray DH, Hardy AE. Reamed versus
unreamedfemoral nails. A randomised, prospective trial. J
Bone Joint Surg Br. 1998;80(3):485-489.
https://doi.org/10.1302/0301-620X.80B3.0800485.
Tornetta P, 3rd, Tiburzi D. Reamed versus nonreamed
anterograde femoral nailing. J Orthop Trauma.
2000;14(1):15-19.

Duan X, Li T, Mohammed AQ, Xiang Z. Reamed intramedullary
nailing versus unreamed intramedullary nailing for shaft
fracture of femur: a systematic literature review. Arch Orthop
Trauma Surg. 2011;131(10):1445-1452.
https://doi.org/10.1007/s00402-011-1311-8.

Larsen LB, Madsen JE, Hpiness PR, @vre S. Should insertion of
intramedullary nails for tibial fractures be with or without
reameding? A prospective, randomized study with 3.8 years'
follow-up. J Orthop Trauma. 2004;18(3):144-149.

Shao Y, Zou H, Chen S, Shan J. Meta-analysis of reamed versus
unreamed intramedullary nailing for open tibial fractures.
Journal of Orthopaedic Surgery and Research. 2014;9(1):74.
https://doi.org/10.1186/s13018-014-0074-7.

Frolke J. Intramedullary Reaming of Long Bones. Practice of
Intramedullary Locked Nails: New Developments in
Techniques and Applications. 2006:43-56.
https://doi.org/10.1007/3-540-32345-7_4.

Freddy Achecar M. Unreamed vs Reamed Interlocking Nailing
of Humeral Shaft Fractures Campbell Clinic-University of
Tennessee, Memphis, Tennessee, USA1997 [Available from:
https://ota.org/sites/files/legacy_abstracts/ota97/otapa/OT
A97506.htm.

Freeland AE, Jabaley ME, Hughes JL, Freeland AE, Jabaley ME,
Hughes JL. Delayed union, non-union, and pseudarthrosis.
Stable Fixation of the Hand and Wrist. 1986:167-178.
https://doi.org/10.1007/978-1-4613-8640-7_41.

Olson JJ, Entezari V, Vallier HA. Risk factors for non-union
after traumatic humeral shaft fractures in adults. JSES
international. 2020;4(4):734-738.
https://doi.org/10.1016/j.jseint.2020.06.009.
Papakonstantinou MK, Hart MJ, Farrugia R, Gosling C, Kamali
Moaveni A, van Bavel D, et al. Prevalence of non-union and
delayed union in proximal humeral fractures. ANZ Journal of
Surgery. 2017;87(1-2):55-59.
https://doi.org/10.1111/ans.13756

Volpin G, Shtarker H. Management of delayed union, non-
union and mal-union of long bone fractures. Eur Surg Orthop
Traumatol. 2014:241-266. http://dx.doi.org/10.1007/978-3-
642-34746-7_10.

Naclerio EH, McKee MD. Approach to Humeral Shaft Non-
union: Evaluation and Surgical Techniques. ] Am Acad Orthop
Surg. 2022;30(2):50-59. 10.5435/JAAQS-D-21-00634
Court-Brown CM, Will E, Christie J, McQueen MM. Reamed or
unreamednailing for closed tibial fractures. A prospective
study in Tscherne C1 fractures. J Bone Joint Surg Br.
1996;78(4):580-583. https://doi.org/10.1302/0301-
620X.78B4.0780580

Ocalan E. Reamed vs. Unreamed Intramedullary Nailing of
Femoral Fractures in the Elderly. Trauma & Acute Care.
2017;2(4).

Zura R, Mehta S, Della Rocca GJ, Steen RG. Biological Risk
Factors for Non-union of Bone Fracture. JBJS Rev.
2016;4(1):e5. 10.2106/JBJS.RVW.0.00008

Hak DJ, Fitzpatrick D, Bishop JA, Marsh JL, Tilp S, Schnettler R,
et al. Delayed union and nonunions: epidemiology, clinical
issues, and financial aspects. Injury. 2014;45 Suppl 2:3-7.
https://doi.org/10.1016/j.injury.2014.04.002

]
J



https://www.orthobullets.com/trauma/1016/humeral-shaft-fractures
https://www.orthobullets.com/trauma/1016/humeral-shaft-fractures
https://teachmesurgery.com/orthopaedic/shoulder/humeral-shaft-fracture/
https://teachmesurgery.com/orthopaedic/shoulder/humeral-shaft-fracture/
https://doi.org/10.3390/jcm8111969
https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/basic-technique/basic-principles-of-im-nailing
https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/basic-technique/basic-principles-of-im-nailing
https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/basic-technique/basic-principles-of-im-nailing
https://doi.org/10.1302/0301-620X.80B3.0800485
https://ota.org/sites/files/legacy_abstracts/ota97/otapa/OTA97506.htm
https://ota.org/sites/files/legacy_abstracts/ota97/otapa/OTA97506.htm
https://doi.org/10.1302/0301-620X.78B4.0780580
https://doi.org/10.1302/0301-620X.78B4.0780580

Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 115-121

29 JangY, Kempton LB, McKinley TO, Sorkin AT. Insertion-related
pain with intramedullary nailing. Injury. 2017;48 Suppl 1:18-
21. https://doi.org/10.1016/j.injury.2017.04.029

30 Haegerstam GAT. Pathophysiology of bone pain: A review.
Acta Orthopaedica Scandinavica. 2001;72(3):308-317.
10.1080/00016470152846682

31 Birlie T, Biresaw B, Yadeta E, Getachew T, Debella A, Eyeberu
A. Knee Pain After Retrograde Intramedullary Nailing with
Surgical Implant Generation Network of Femur Shaft
Fractures at Public Hospitals in Bahir Dar City, Ethiopia:
Analysis of 6-Months Follow-Up Results. Orthopedic
Research and Reviews. 2023:59-68.
https://doi.org/10.2147/0ORR.5406176

121

——

Effect of reaming on intramedullary nailing...

——



