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Abstract

Purpose of the Study Femoral neck fracture osteosynthesis is usually performed by using dynamic hip screw (DHS) or
multiple parallel cannulated screws (MCS). In orthopedic surgery training, certain hip fractures are one of the most com-
mon operations performed by residents. It has been questioned, whether residents can provide as safe treatment and patient
outcomes as those of more experienced surgeons. The aim of this study was to evaluate the effect of surgical experience on
risk of complications by comparing the surgical performance and clinical outcomes in femoral neck osteosyntheses between
surgical residents and orthopaedic surgeons.

Methods All patients with femoral neck fracture admitted to Helsinki and Uusimaa Hospital District (HUS) Hyvinkdd
Hospital from 2011 to 2016 were collected as research material. 88 hip fractures (87 patients) treated with DHS or MCS
osteosyntheses were included in this study. The patients were divided into 2 groups, based on the surgeon’s experience: an
orthopedic surgeon group (n=68) and a surgical resident group (n=20). All data from complications, reoperations, and the
duration of operations were collected.

Results There was no significant difference in characteristics of operated patients between orthopaedics and residents group.
There was no significant difference in complications or re-operations between groups (p=0.4, p=0.2). Surgical residents
had statistically longer surgical time (mean 76 min, 95% CI 62.92 min, mean 46 min, 95% Cl 42.51 min; p-value < 0.001).
Still surgical time was not a risk factor for complication (p-value 0.5).

Conclusion Our results show that surgical residents” outcomes in femoral neck fracture osteosynthesis seem to be as favorable
as those of orthopedic surgeons; the operations just last slightly longer.
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Introduction

Osteosynthesis is used with certain types of femoral neck
fracture. Patients are typically younger with undisplaced
fractures, while retaining the patient’s own hip joint is a
priority [1]. Osteosynthesis, also known as internal fixa-
tion, is usually performed with either dynamic hip screws
(DHS) or multiple parallel cannulated screws (MCS). Mul-
tiple-screw fixation is less invasive and retains more viable
bone [2, 3] than does DHS fixation, which appears to be
biomechanically more stable [4—6]. The optimal treatment
for intracapsular hip fracture has been controversial [7-9].

Operative treatment of hip fracture is one of the most
common procedures during orthopedic surgery training.
Residents are also vital to the clinical workforce in hospi-
tals and provide a large portion of the daily patient care.
Surgical training aims to prepare residents to provide
high-quality care, and it requires appropriate amounts of
hands-on experience in the operating room. Whether resi-
dents can provide treatment as safe and patient outcomes
as favorable as those of more experienced surgeons has
been questioned.

To evaluate the risks and quality of treatment, research-
ers have defined learning curves from various surgical
procedures. These describe either the minimum time of
training or number of surgeries a surgical trainee needs
to be able to achieve the required quality of treatment and
minimal risk for complications. Van der Leeuw et al. [10]
concluded in a systematic review including nearly 100
studies that patient care appears to be safe and equal in
quality when delivered by residents. Of course, complica-
tions can still appear regardless of the experience of the
surgeon performing the operation.

Femoral neck fracture operations include risks of com-
plications, such as infections and surgical site hematomas.
Femoral neck fractures, treated with osteosynthesis, can
sometimes cause non-union, implant failure, bone mis-
alignment or femoral head avascular necrosis (AVN) [1,
11]. Rare complications of surgical treatment include sci-
atic nerve injuries and iatrogenic fractures.

In the review by van der Leeuw et al. [10] examining
treatment outcomes with residents, only 7 studies were
of orthopedic residents; only one of these studies cov-
ered hip fractures [12]. The study examined whether the
complication and mortality rates for hip fracture patients
were higher with less experienced residents and included
both femoral neck fractures and intertrochanteric fractures
in the analysis. There was no mention about the surgi-
cal treatment used. The overall mortality rate was slightly
higher in teaching than in nonteaching hospitals (3.7% vs.
3.6%). In contrast, the complication rates showed no dif-
ferences between teaching and nonteaching hospitals.
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To our knowledge, no studies have evaluated the impact
of surgical expertise on the outcomes of femoral neck frac-
ture osteosynthesis. The aim of this study was to evaluate the
effect of surgical experience on the risk of complications by
comparing the surgical performance and clinical outcomes
between surgical residents and orthopedic surgeons.

Materials and Methods

This was a retrospective single center study, conducted at
Helsinki and Uusimaa Hospital District (HUS) Hyvink&a
Hospital, Finland. HUS Hyvinkié Hospital is a public hospi-
tal (Level III trauma center) providing 24/7 traumatological
treatment to a population of 190,000, which is approximately
4% of the population in Finland.

Patients with hip fracture treated with osteosynthesis
were selected for the study from the period January 1st 2011
to December 31st 2016. This included 361 patients, of which
87 were treated with DHS or MCS osteosynthesis and had
an International Classification of Diseases (ICD-10) S72.0
femoral neck fracture diagnosis (exclusion criteria are seen
in Table 1). One patient had both hips operated (two differ-
ent injuries), therefore the study included total of 88 oper-
ated femoral neck fractures.

The surgical information program Centricity Opera pro-
vided data about the surgeon and duration of the surgery.
The patients were divided into 2 groups: surgeries performed
by orthopedic surgeons (n=68) and those performed by resi-
dents (n=20). Both orthopedic and resident groups had 9
different surgeons (total of 18). The number of operations
per surgeon in this study was on median 8.5 (range 2 to
13) in the orthopedic group and on median 2 (range 1 to 5)
in the resident group. Residents operated 15 hips indepen-
dently and 5 hips under senior supervision but also in those
cases the resident was the primary surgeon. Due to very

Table 1 Exclusion criteria

Exclusion criteria n
Total 361
Pertrochanteric 109
Other osteosynthesis or arthroplasty 154
Died before operation 2
Non-operative treatment 1
Re-operation 2
Age under 16 yrs 4
Treatment in other hospital 1
Primary x-rays not available 1
Included patients 87
Included hip fractures 88*

*One patient had both hips operated (two different injuries)
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small amount of operations under supervision, we decided to
include these 5 operations to the resident group as a whole.
Regarding this study, previous experience of these opera-
tions (DHS or MCS osteosynthesis) is approximately over
10-20 in the orthopedic group and 0-5 in the resident group.

Tobacco and alcohol consumption were also recorded.
The patient was recorded as a heavy user if there was a his-
tory of several hospital visits for alcohol intoxication.

Postoperative recordings and X-rays were used to deter-
mine the implementation and success of the treatment, as
well as possible complications. The complications included
infections requiring hospitalization, hematomas of the surgi-
cal site requiring reoperation, and AVN changes. Fixation
material failures were included as complications. If a frac-
ture gap was still visible in the control x-rays after a 6-month
follow-up period, it was considered a non-ossification and
included as a complication.

Possible reoperations due to complications or treatment
failure were recorded. These included also osteosynthe-
sis conversion to arthroplasty. The follow-up period was
2-5 years.

Statistical Analysis

The clinical characteristics were summarized with counts
(n). The associations between the categorical data were
analyzed with Fisher’s exact test. Survival analysis was per-
formed to investigate complication and the need for reopera-
tion. The patients were allocated into groups by the surgeon
performing the operation.

First, univariate analyses for the cumulative percentages
of complication and reoperation need were estimated, using
the Kaplan—Meier technique, and the differences between
the orthopedic and resident groups were tested, using the
log-rank test. Second, more complicated models with mul-
tiple factors were performed with Cox’s proportional haz-
ard models. Differences between the orthopedic and resident
groups were quantified by calculating hazard ratios (HRs)
with 95% confidence intervals (95% Cls), using Cox’s
regression models. The validity of proportional hazards
assumption was assessed both visually and numerically, and
no marked deviations for assumptions were observed. The
initial model included the surgeon performing the operation,
osteosynthesis method, tobacco, alcohol, patient age, gen-
der, and Garden classification; nonsignificant factors were
gradually omitted.

The operation times between the operator groups were
compared with one-way analysis of variance (ANOVA). All
tests were performed as two-sided with a significance level
set at 0.05. The statistical computations were performed,
using SAS Systems for Windows, Version 9.4 (SAS Institute
Inc., Cary, NC, USA).

Results

The majority of patients were female, and the mean age of
the whole study population was 69.7 (sd 17.1) years. Sex
or patient age showed no significant differences between
groups (p-values 0.8, 0.9). 44 patients used tobacco and 15
were heavy users of alcohol. There were no significant dif-
ferences in patient intoxicant use between the orthopedic
and resident groups (p-values 0.6, 0.7). If a patient used
alcohol, the same patient was also more prone to use tobacco
(p-value <0.001). The clinical characteristics are shown in
Table 2. There were no significant differences in Garden
classification or anatomical fracture types between the oper-
ating groups (p-value 0.3 and 0.8).

In all, 68 hips were operated by the orthopedic surgeon
group and 20 the resident group; 47 hips were treated with
a DHS and 41 with screws. The plate sliding screw, i.e.
the DHS group, also included patients who had a single
antirotation screw installed in addition to the plate sliding
screw. The orthopedic surgeon group had 35 DHS and 33
MCS osteosyntheses, while the resident group had 12 DHS
and 8 MCS fixations. There were no significant differences
between the groups by used osteosyntheses (p-value 0.4).

In all, 22 patients had some complications, of which
19 required reoperations. In the orthopedic group, 19
patients had complications and 17 patients were reoper-
ated. In the resident group, 3 patients had complications
and 2 had to be reoperated. All of the postoperative x-rays
were accepted by senior surgeons and their colleagues dur-
ing the primary ward treatment period, and there were no
early reoperations because of poor reduction or suboptimal

Table 2 Clinical characteristic

Clinical characteristics Total (0N Rs p-value
All patients (n) 87 67 20
Female (n) 53 40 13 0.8
Age (mean) 69.7 69.8 69.2 0.9
Tobacco (n) 0.6
No 43 35
Yes 22 16
N/A 22 16
Alcohol (n) 0.7
No 32 24
Yes 15 13
N/A 40 30 10
Smoking + alcohol combi- 1.0
nation (n)
No 24 19 5
Yes 9 7

OS Orthopedic surgeons, Rs Residents, N/A not applicable
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fixation. There were no statistically significant differences
in complications or reoperations between the groups
(p-values 0.4, 0.15).

Significant differences were observed in the duration
of surgeries. The operating mean time in the orthopedic
group was 46 min (95% CI 42,51 min) and in the resident
group 76 min (95% CI 62,92 min) (p-value < 0.001). Dura-
tion of surgery was not a risk factor for complication or
reoperation (p-value 0.3).

Alcohol consumption was a risk factor for reoperation
(log-rank test p-value =0.03, Cox’s proportional hazard
HR =2.64, 95% CI 0.96, 7.27, p-value 0.06). However,
the analyses of tobacco and alcohol use were limited due
to missing data. Of the 33 patients having information on
their intoxicant and tobacco use, 7 of those 9 who used
both tobacco and alcohol had complications and/or reop-
eration, while 12 of 24 nonusers had complications and/
or reoperation (p-value 0.24).

The other clinical characteristics (patient age, gender,
and Garden classification) were not statistically associated
with complication or reoperation (p-values 0.1, 0.9, 0.1).

Overall, there were no infections requiring hospitaliza-
tion in either of the osteosynthesis groups. In the orthope-
dic group 8 and in the resident group 1 fracture remained
unossified. At follow-up, fixation failed in 7 patients, all
of whom were in the orthopedic group, while 2 cases of
AVN developed in the orthopedic group and 1 in the resi-
dent group. Both groups had one for other complications,
see Table 3.

Table 3 Surgical expertise

Surgical expertise oS Rs p-value
Osteosynthesis (n) 68 20

DHS 35 12 0.4
MCS 33 8 0.4
Duration of surgery, mean (min) 46 76 <0.001
Complication (combination) 19 30%) 3 (15%) 0.4
Infection 0 0

Non-union 8 (12%) 1(5%)

Fixation failure* 7 (12%) 0

AVN 2 (3%) 1 (5%)

Other** 2 (3%) 1 (5%)
Reoperation 17 25%) 2 (13%) 0.15

OS Orthopedic surgeon, Rs Resident, DHS dynamic hip screws, MCS
multiple parallel cannulated screws, AVN avascular necrosis

*Fixation material such as screws or collum blade movement in fol-
low-up

**Surgical site hematoma, delayed ossification, long-term pain
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Discussion

Femoral neck fractures treated with osteosyntheses such
as DHS or MCS are relatively small surgical procedures
but have risk of reoperation due to complications such
as non-union, mechanical failure, or AVN [1, 11, 13].
Although MCS fixation may have some benefits compared
with DHS, it also seems to have a higher risk of conver-
sion to hemi/total hip arthroplasty [14]. Recently, it has
also been suggested that elderly patients may benefit from
primary hemiarthroplasty in comparison to those using
MCS when improved mobility and risk for reoperations
are considered [15].

Postoperative infections range from 0 to 10% after inter-
nal fixation of femoral neck fracture [2]. In our study, there
were no infections leading to hospitalization or even emer-
gency department/out-patient clinic visits. Minor wound
problems or superficial wound infections treated at the
primary health care level may possibly have been present
without the need for surgical intervention. Our results
showed slightly higher rates of non-union and AVN than
previously reported [14]. There were 4 patients who had
problems with recovery (malunion or non-union), but
never went through a reoperation because of their poor
overall condition. In more complex surgeries there is a
learning curve with both complications and surgical time
[16—19]. Low number of repetitive procedures has led to
consider different training methods like virtual reality
[20].

Quality improvement efforts in surgery have largely
focused on reducing the risk of complications after sur-
gical procedures. Whether residents can provide as safe
treatment and patient outcomes as favourable as those from
more experienced surgeons has often been questioned.
Sometimes the longer surgical time may take the glory
away from successful outcomes. In our study, the surgi-
cal time was longer in the residents’ group, as expected.
More experienced surgeons operate faster than early-state
residents [16, 21], and there is also a learning curve up to
at least 20 to 30 operations when considering the duration
of surgery [19, 22]. However, perhaps the most impor-
tant finding was that this increase in surgical time seemed
not to be associated with more unfavourable patient out-
comes. The same conclusion was also previously made
with intertrochanteric nailing with simple fracture patterns
[23]. Surgical time can impact the effectiveness and costs
of surgery, but without surgical training, there will be no
future experienced surgeons. Longer surgical times can
also affect the complication rates, including postoperative
infections, when approximately 2 h is exceeded [24]. With
femoral neck fracture osteosynthesis it is rarely a prob-
lem, since the surgical time ranges from approximately
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30 min to 90 min [25]. In our study, residents performed
20 (23%) of these femoral neck osteosynthesis operations,
which is already slightly higher than the reported amounts
in Norway (13.5%) [25]. We must still bear in mind that
not all surgeries are suitable for inexperienced surgeons.
Displaced fracture patterns and more seldom-performed
operations may lead to poorer results [26].

Our patients were younger on average (69.7 years) than
in previously reported hip osteosynthesis studies [14, 25] so
the results of complication rates are not directly comparable.
Although we had limited data on alcohol and tobacco con-
sumption, the results are leaning towards a larger material
studied in general surgery revealing that combined consump-
tion is more likely to lead to complications, readmissions,
and reoperations [27].

This study has strengths and some limitations. This was
a single center study of all operated femoral neck fracture
patients in HUS Hyvinkdd Hospital from the selected period
of 6 years. The teaching methods and unit traditions stayed
the same, and patient chart review could be done in detail.
The research design was retrospective and the number of
operated fractures (n=88) was relatively limited. When
making further conclusions, one has to bear in mind that the
research population should have been larger. In this case, it
would have needed either longer period of time for data col-
lection or data combination with another hospital. We must
also acknowledge that surgical training variates around the
world and surgical residents’ operating results may also vary.

We evaluated the effect of a surgeon’s expertise on the
outcome and safety of femoral neck fractures treated with
osteosynthesis. Considering the equal complication profile
in this study, it may be possible to offer residents further
opportunities to perform the operation. Our results show
that femoral neck fracture osteosynthesis seems to be non-
inferior in the hands of surgical residents.

Funding Open Access funding provided by University of Turku
(including Turku University Central Hospital). No external funding.

Declarations
Conflict of Interest No competing interests.

Ethical Approval As a retrospective study, an ethical approval was
unnecessary.

Informed Consent All authors made significant contributions to the
study and have approved the final manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are

included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ly, T. V., & Swiontkowski, M. F. (2008). Treatment of femoral
neck fractures in young adults. Journal of Bone and Joint Surgery.
American Volume, 90(10), 2254-2266.

2. Bhandari, M., Tornetta, P., 3rd., Hanson, B., & Swiontkowski, M.
F. (2009). Optimal internal fixation for femoral neck fractures:
Multiple screws or sliding hip screws? Journal of Orthopaedic
Trauma, 23(6), 403-407. https://doi.org/10.1097/BOT.0b013
e318176191f

3. Lee, Y.S., Chen, S. H,, Tsuang, Y. H., Huang, H. L., Lo, T. Y., &
Huang, C. R. (2008). Internal fixation of undisplaced femoral neck
fractures in the elderly: A retrospective comparison of fixation
methods. Journal of Trauma, 64(1), 155-162. https://doi.org/10.
1097/TA.0b013e31802c821¢

4. Aminian, A., Gao, F., Fedoriw, W. W., Zhang, L. Q., Kalainov,
D. M., & Merk, B. R. (2007). Vertically oriented femoral neck
fractures: Mechanical analysis of four fixation techniques. Journal
of Orthopaedic Trauma, 21(8), 544-548. https://doi.org/10.1097/
BOT.0b013e31814b822¢

5. Baitner, A. C., Maurer, S. G., Hickey, D. G., Jazrawi, L. M., Kum-
mer, F. J., Jamal, J., Goldman, S., & Koval, K. J. (1999). Vertical
shear fractures of the femoral neck. A biomechanical study. Clini-
cal Orthopaedics and Related Research, 367, 300-5.

6. Bonnaire, F. A., & Weber, A. T. (2002). Analysis of fracture gap
changes, dynamic and static stability of different osteosynthetic
procedures in the femoral neck. Injury, 33(Suppl 3), C24-32.
https://doi.org/10.1016/s0020-1383(02)00328-5

7. Bhandari, M., Devereaux, P. J., Tornetta, P., 3rd., Swiontkowski,
M. F., Berry, D. J., Haidukewych, G., Schemitsch, E. H., Hanson,
B. P., Koval, K., Dirschl, D., Leece, P., Keel, M., Petrisor, B.,
Heetveld, M., & Guyatt, G. H. (2005). Operative management
of displaced femoral neck fractures in elderly patients. An inter-
national survey. The Journal of Bone & Joint Surgery., 87(9),
2122-30. https://doi.org/10.2106/J1BJS.E.00535

8. Jones, H. W., Johnston, P., & Parker, M. (2006). Are short femoral
nails superior to the sliding hip screw? A meta-analysis of 24 stud-
ies involving 3,279 fractures. International Orthopaedics., 30(2),
69-78. https://doi.org/10.1007/s00264-005-0028-0

9. Parker, M. J., & Blundell, C. (1998). Choice of implant for internal
fixation of femoral neck fractures. Meta-analysis of 25 randomised
trials including 4,925 patients. Acta Orthopaedica Scandinavica,
69(2), 138-43. https://doi.org/10.3109/17453679809117614

10. van der Leeuw, R. M., Lombarts, K. M., Arah, O. A., & Heine-
man, M. J. (2012). A systematic review of the effects of residency
training on patient outcomes. BMC Medicine, 28(10), 65. https://
doi.org/10.1186/1741-7015-10-65.PMID:22742521;PMCID:
PMC3391170

11. Damany, D. S., Parker, M. J., & Chojnowski, A. (2005). Compli-
cations after intracapsular hip fractures in young adults. A meta-
analysis of 18 published studies involving 564 fractures. Injury.,
36(1), 131-41. https://doi.org/10.1016/j.injury.2004.05.023

12. Anderson, K. L., Koval, K. J., & Spratt, K. F. (2009). Hip fracture
outcome: Is there a “July effect”? American Journal of Orthope-
dics (Belle Mead, N.J.), 38(12), 606-611.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/BOT.0b013e318176191f
https://doi.org/10.1097/BOT.0b013e318176191f
https://doi.org/10.1097/TA.0b013e31802c821c
https://doi.org/10.1097/TA.0b013e31802c821c
https://doi.org/10.1097/BOT.0b013e31814b822e
https://doi.org/10.1097/BOT.0b013e31814b822e
https://doi.org/10.1016/s0020-1383(02)00328-5
https://doi.org/10.2106/JBJS.E.00535
https://doi.org/10.1007/s00264-005-0028-0
https://doi.org/10.3109/17453679809117614
https://doi.org/10.1186/1741-7015-10-65.PMID:22742521;PMCID:PMC3391170
https://doi.org/10.1186/1741-7015-10-65.PMID:22742521;PMCID:PMC3391170
https://doi.org/10.1186/1741-7015-10-65.PMID:22742521;PMCID:PMC3391170
https://doi.org/10.1016/j.injury.2004.05.023

Indian Journal of Orthopaedics

13.

14.

15.

16.

17.

18.

19.

20.

Nyholm, A. M., Palm, H., Sandholdt, H., Troelsen, A., Gromov,
K., Danish Fracture Database Collaborators. (2018). Osteosynthe-
sis with parallel implants in the treatment of femoral neck frac-
tures: minimal effect of implant position on risk of reoperation.
J Bone Joint Surg Am., 100(19), 1682-1690. https://doi.org/10.
2106/JBJS.18.00270

Jettoo, P., & James, P. (2016). Dynamic hip screw fixation versus
multiple screw fixation for intracapsular hip fracture. Journal of
Orthopaedic Surgery (Hong Kong), 24(2), 146—149. https://doi.
org/10.1177/1602400204

Dolatowski, F. C., Frihagen, F., Bartels, S., Opland, V., §a1tyté
Benth, J., Talsnes, O., Hoelsbrekken, S. E., & Utvag, S. E. (2019).
Screw fixation versus hemiarthroplasty for nondisplaced femo-
ral neck fractures in elderly patients: A multicenter randomized
controlled trial. Journal of Bone and Joint Surgery. American
Volume, 101(2), 136—144. https://doi.org/10.2106/JBJS.18.00316
Foissey, C., Fauvernier, M., Fary, C., Servien, E., Lustig, S., &
Batailler, C. (2020). Total hip arthroplasty performed by direct
anterior approach—Does experience influence the learning curve?
SICOT J., 6, 15. https://doi.org/10.1051/sicotj/2020015

Jahnke, A., Kother-Herrmann, J., Fonseca Ulloa, C. A., Harz, T.,
Rickert, M., & Ishaque, B. A. (2023). Retrospective clinical and
X-ray-based outcome analysis of a short-stem hip arthroplasty
taking into account the operative learning curve over 7 years in
the 3-year control course. Archives of Orthopaedic and Trauma
Surgery. https://doi.org/10.1007/s00402-023-04977-w

Messina, J. C., Magnuson, J. A., Melnic, C. M., Frisch, N. B.,
Krueger, C. A., & Grosso, M. J. (2023). Total hip arthroplasty
learning curves based on approach for new fellowship-trained sur-
geons. JAAOS Global Research and Reviews., 7(7), €23.00094.
https://doi.org/10.5435/JAAOSGlobal-D-23-00094

Talme, M., Harilainen, A., Lindahl, J., & Bister, V. (2023). Ante-
rior cruciate ligament reconstruction learning curve study—Com-
parison of the first 50 consecutive patients of five orthopaedic
surgeons during a 5-year follow-up. The Knee., 44, 1-10. https://
doi.org/10.1016/j.knee.2023.06.011

Gustafsson, A., Pedersen, P., Rgmer, T. B., Viberg, B., Palm, H.,
& Konge, L. (2019). Hip-fracture osteosynthesis training: explor-
ing learning curves and setting proficiency standards. Acta Ortho-
paedics., 90(4), 348-353. https://doi.org/10.1080/17453674.2019.
1607111

@ Springer

21.

22.

23.

24.

25.

26.

217.

Ross, S. W., Oommen, B., Kim, M., Walters, A. L., Green, J. M.,
Heniford, B. T., & Augenstein, V. A. (2014). A little slower, but
just as good: Postgraduate year resident versus attending outcomes
in laparoscopic ventral hernia repair. Surgical Endoscopy, 28(11),
3092-3100. https://doi.org/10.1007/s00464-014-3586-7
Bjorgul, K., Novicoff, W. M., & Saleh, K. J. (2011). Learning
curves in hip fracture surgery. International Orthopaedics., 35(1),
113-9. https://doi.org/10.1007/s00264-010-0950-7

Wu, K., Xu, Y., Zhang, L., Zhang, Y., Xu, W., Chu, J., Bao, N.,
Ma, Q., Yang, H., & Guo, J. J. (2019). Which implant is better
for beginners to learn to treat geriatric intertrochanteric femur
fractures: A randomised controlled trial of surgeons, metalwork,
and patients. Journal of Orthopaedic Translation., 19(21), 18-23.
https://doi.org/10.1016/j.jot.2019.11.003.PMID:32071871;
PMCID:PMC7013097

Duman, S., Turkmen, I., & Saglam, N. (2020). Factors influencing
complication rates in the orthopaedic theatre. Acta Chirurgiae
Orthopaedicae et Traumatologiae Cechoslovaca., 87(1), 32-38.
English.

Authen, A. L., Dybvik, E., Furnes, O., & Gjertsen, J. E. (2018).
Surgeon’s experience level and risk of reoperation after hip frac-
ture surgery: an observational study on 30,945 patients in the Nor-
wegian Hip Fracture Register 2011-2015. Acta Orthopaedica.,
89(5), 496-502. https://doi.org/10.1080/17453674.2018.1481588
Saarinen, A. J., & Helenius, 1. (2019). Paediatric supracondylar
humeral fractures: The effect of the surgical specialty on the out-
comes. Journal of Children’s Orthopaedics, 13(1), 40-46. https://
doi.org/10.1302/1863-2548.13.180083

Fernandez, A. C., Bohnert, K. M., Bicket, M. C., Weng, W., Singh,
K., & Englesbe, M. (2023). Adverse surgical outcomes linked
to co-occurring smoking and risky alcohol use among general
surgery patients. Annals of Surgery., 278(2), 201-207. https://doi.
org/10.1097/SLA.0000000000005735

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.2106/JBJS.18.00270
https://doi.org/10.2106/JBJS.18.00270
https://doi.org/10.1177/1602400204
https://doi.org/10.1177/1602400204
https://doi.org/10.2106/JBJS.18.00316
https://doi.org/10.1051/sicotj/2020015
https://doi.org/10.1007/s00402-023-04977-w
https://doi.org/10.5435/JAAOSGlobal-D-23-00094
https://doi.org/10.1016/j.knee.2023.06.011
https://doi.org/10.1016/j.knee.2023.06.011
https://doi.org/10.1080/17453674.2019.1607111
https://doi.org/10.1080/17453674.2019.1607111
https://doi.org/10.1007/s00464-014-3586-7
https://doi.org/10.1007/s00264-010-0950-7
https://doi.org/10.1016/j.jot.2019.11.003.PMID:32071871;PMCID:PMC7013097
https://doi.org/10.1016/j.jot.2019.11.003.PMID:32071871;PMCID:PMC7013097
https://doi.org/10.1080/17453674.2018.1481588
https://doi.org/10.1302/1863-2548.13.180083
https://doi.org/10.1302/1863-2548.13.180083
https://doi.org/10.1097/SLA.0000000000005735
https://doi.org/10.1097/SLA.0000000000005735

	Surgical Residents´ Results Seem to be Non-Inferior Comparing to More Experienced Surgeons in Femoral Neck Fracture Osteosynthesis
	Abstract
	Purpose of the Study 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and Methods
	Statistical Analysis

	Results
	Discussion
	References


