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Evaluating The Learning Curve in Suprapatellar Nailing of Tibial
Shaft Fractures

Tibial Saft Kiriklarinin Suprapatellar Givilenmesinde Ogrenme Egrisinin Degerlendirilmesi

® Omer POLAT, ® Alper DUNKI, ® Bahattin KEMAH, ® Cagri 0ZCAN, ® Sefa Giray BATIBAY

University of Health Sciences Tiirkiye, Umraniye Training and Research Hospital, Clinic of Orthopeadics and Traumatology, istanbul, Tiirkiye

ABSTRACT

Aim: Tibial shaft fractures constitute approximately 2% of all fractures. Intramedullary nails are considered the gold standard in their treatment due
to less soft tissue damage and hiomechanical superiority. The learning curve is an expression of how quickly and efficiently a person learns a skill or
process in a certain period. Our aim in this study is to analyze the suprapatellar nailing learning curve, using operative time and total fluoroscopy
time as outcome measures.

Materials and Methods: Between January 2021 and December 2021, patients aged 18-65 with fresh tibial shaft fractures, no open fractures, who
underwent surgery with a senior physician and had complete records, were included in the study. Forty-seven patients met the inclusion criteria.
Demographic data of the patients, fracture types, side, surgical duration and total fluoroscopy dose were examined.

Results: Surgeon-1 operated on 23 patients (48.9%) and surgeon-2 on 24 patients (51.1%). The study included 34 males (72.3%) and 13 females (27.7%),
with a mean age of 36.11+12.92 years (range: 19-64). Mean operative time was 64.891+10.41 minutes (range: 48-90), and the number of fluoroscopy
shots averaged 54.09+13.46 (range: 30-78). No significant differences were observed regarding gender, age, side, or operative time (p>0.05). Over
time, both surgeons showed a significant decrease in operative duration, with surgeon-1 reducing time by 1.557 minutes per case [beta (8)=-1.557;
p=0.001] and surgeon-2 by 0.847 minutes (8=-0.847; p=0.001). No significant learning curve was found for fluoroscopy usage (p>0.05).

Conclusion: Our study showed that the suprapatellar intramedullary nailing technique resulted in a significant reduction in operative time and a
significant regression curve.
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0z
Amag: Tibial saft kiriklari tim kiriklarin yaklasik %2’sini olusturur. intramediiller civiler, daha az yumusak doku hasari ve biyomekanik tstiinliik
nedeniyle tedavilerinde altin standart olarak kabul edilir. Ogrenme egrisi, bir kisinin belirli bir siirede bir beceriyi veya islemi ne kadar hizli ve verimli
bir sekilde 6grendiginin bir ifadesidir. Bu ¢alismadaki amacimiz, sonug olciitleri olarak operasyon siiresi ve toplam floroskopi stresini kullanarak
suprapatellar civileme 6grenme egrisini analiz etmektir.

Gereg ve Yontem: Ocak 2021 ile Aralik 2021 tarihleri arasinda, acik kingi olmayan, kidemli bir hekim tarafindan ameliyat edilen ve kayitlari tam olan,
18-65 yas araligindaki taze tibial saft kingi olan hastalar calismaya dahil edildi. Kirk yedi hasta dahil etme kriterlerini karsiladi. Hastalarin demografik
verileri, kirik tipleri, taraf, cerrahi stiresi ve toplam floroskopi dozu incelendi.

Bulgular: Cerrah-1 23 hastayi (%48,9) ve cerrah-2 24 hastay1 (%51,1) ameliyat etti. Calismaya 34 erkek (%72,3) ve 13 kadin (%27,7) dahil edildi ve
ortalamayaslari 36,11+12,92 yildi (araligi: 19-64). Ortalama ameliyat siiresi 64,89+10,41 dakikaydi (araligi: 48-90) ve floroskopi cekim sayi ortalamasi
54,09+13,46'ydi (araligi: 30-78). Cinsiyet, yas, taraf veya ameliyat siiresi acisindan anlamli bir fark gozlenmedi (p>0,05). Zamanla, her iki cerrah da
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operasyon siiresinde 6nemli bir azalma gosterdi; cerrah-1 olgu basina siireyi 1,557 dakika [beta (8)=-1,557; p=0,001] ve cerrah-2 0,847 dakika (B=-
0,847; p=0,001) azaltti. Floroskopi kullaniminda énemli bir 6grenme egrisi bulunamadi (p>0,05).

Sonug: Calismamiz, suprapatellar intrameddiller civileme tekniginin ameliyat stiresinde anlaml azalma ve belirgin regresyon egrisi ile sonuclandigini

gostermistir,

Anahtar Kelimeler: Tibia saft kingi, intramediiller civileme, suprapatellar teknik, 6grenme egrisi

INTRODUCTION

Tibial shaft fractures constitute approximately 2% of all
fractures'. Surgical treatment methods such as external fixation
osteosynthesis, plate-screw osteosynthesis, and intramedullary
nail and screw fixation are available for tibial shaft fractures.
Studies and experience have shown that intramedullary
fixation methods are more advantageous in terms of success
and complications??. It is accepted as the gold standard due to
less soft tissue damage and being biomechanically superior®.
In addition, fewer wound complications and higher union
rates have been reported in the literature with intramedullary
nailing’.

Intramedullary nailing technique for tibial shaft fractures is
performed by passing the skin with an infrapatellar incision
opened from the inferior part of the patella in knee flexion and
passing the patellar tendon with a transverse or parapatellar
technique. This method has reported serious union and
satisfaction rates in tibial shaft fractures. However, it has been
experienced over time that anterior knee pain and joint stiffness
complaints affect the quality of life in these patients and are
the main source of problems for clinicians during follow-ups®.
For this reason, it is noteworthy in the literature that the use
of the suprapatellar technique is becoming more widespread
with the aim of fewer knee joint problems and ease of surgical
application”?.

Learning an orthopedic surgical procedure requires theoretical
knowledge, intraoperative decision-making skill, mastery of
fluoroscopy, and technical application that respects soft tissue.
In this context, orthopedic surgery includes a certain learning
curve and many parameters, such as complication rates,
surgical duration, and radiation exposure, are evaluated as an
indicator of this process. The learning curve is an expression
that indicates how quickly and efficiently a person learns a skill
or process in a certain period. The learning curve represents a
graphical result between the learning effort and the learning
result®. Defining a new technique’s learning curve is important
for instructors and practitioners. It provides information
about the surgeon’s experience and also provides confidence
in the management of complications that may occur. When
the suprapatellar nailing method is compared with the
infrapatellar method, which is known and whose treatment
adequacy is sufficiently proven, it is important to investigate

the existence of a learning curve. This study aims to analyze
the suprapatellar nailing learning curve by taking the surgery
time and the total number of fluoroscopy shots as the outcome
measures.

MATERIALS AND METHODS

This retrospective, single-center study was conducted at the
Orthopedics and Traumatology Clinic of University of Health
Sciences Tiirkiye, Umraniye Training and Research Hospital
between January and December 2021. Ethical approval was
obtained from the University of Health Sciences Tirkiye,
Umraniye Training and Research Hospital Ethics Committee
(decision number: 50, date: 13.03.2025) in accordance with
the Declaration of Helsinki. Two senior orthopedic specialists
who had successfully treated at least 30 tibial shaft fractures
with intramedullary nailing in the last two years and attended
the necessary training and courses [Turkish Orthopedic
Association and Arbeitsgemeinschaft fiir Osteosynthesefragen
(AO)] courses were determined. Tibial shaft fractures were
operated on randomly by two surgeons. The surgical technique
was standardized using the same order in each case. The
patient was in the supine position and elevated with a
specially prepared sponge pillow under the leg (Figure 1).
Trigen, Metanail, semi-extended (Smith & Nephew, London,
UK) nails suitable for suprapatellar access were used in all cases.
Demographic data of the patients, fracture types, side, surgical
time, and total number of fluoroscopy shots were examined.

Inclusion criteria were determined as patients with fresh tibial
shaft fractures between the ages of 18-65, no open fracture,
operated by a senior physician, and appropriate records kept.
Exclusion criteria were determined as cases with open fracture,
another surgical team, insufficient records, and cases without
appropriate equipment.

Between January and December 2021, 84 patients underwent
intramedullary nailing for tibial shaft fractures. After excluding
18 open fractures, 12 cases operated on by another team,
3 treated with different implants, and 4 with incomplete
data, 47 patients were included. Of these, 23 were operated
on by surgeon-1 and 24 by surgeon-2. The total number of
fluoroscopy shots was recorded for all procedures examined.
A single X-ray image intensifier (Philips Zenition 50) was used
for all procedures examined. Surgical times were determined
as the time from the initial incision to the final suture after
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Figure 1. Surgical position and incision line

appropriate alignment and fixation of the fracture.

This was a retrospective study using consecutive patients treated
during the surgeons’ initial experience with the suprapatellar
technique. No formal a priori sample-size calculation was
performed. Post-hoc power analysis based on the observed
effect sizes demonstrated >0.95 power for detecting the
learning-curve effect on operative time; however, the power
for detecting a moderate learning effect on the number of
fluoroscopy shots was only approximately 0.20-0.30. Therefore,
the absence of a significant learning curve for the number
of fluoroscopy shots should be interpreted with caution, as
the study may have been underpowered for this secondary
outcome.

Statistical Analysis

Statistical analysis were performed using SPSS 27 (IBM Corp.,
Armonk, NY, USA). Quantitative variables were expressed as
mean + standard deviation, median, and range (min-max).
Qualitative variables were summarized using descriptive
statistics, including frequencies and percentages.

Normality of distribution was assessed using the Shapiro-Wilk
test and Box-Plot visualizations. For normally distributed data
comparing two groups, the independent Student’s t-test was
applied. Categorical variables were analyzed with the Pearson
chi-square test.
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To evaluate the learning curve of surgeons, linear regression
analysis was conducted for operating time and the number
of fluoroscopy shots. All results were interpreted within a
95% confidence interval, and statistical significance was set at
p<0.05.

RESULTS

A total of 47 patients who underwent suprapatellar
intramedullary nailing for tibial shaft fractures between
January and December 2021 were included in this study.
Surgeries were performed randomly by two senior surgeons:
surgeon-1 operated on 23 patients (48.9%) and surgeon-2 on
24 patients (51.1%). The cohort consisted of 34 males (72.3%)
and 13 females (27.7%), with a mean age of 36.11+12.92 years
(range: 19-64). Fractures involved the right side in 27 patients
(57.4%) and the left in 20 patients (42.6%). The mean operative
time was 64.89+10.41 minutes (range: 48-90), and the mean
number of fluoroscopy shots was 54.09+13.46 shots (range: 30-
78) (Table 1).

Fracture types of the patients were determined according to AO/
Orthopaedic Trauma Association classification™. No statistically
significant difference was found between gender, side, and age
of the patients according to surgeons (p>0.05). No statistically
significant difference was found between surgery times
according to surgeons (p>0.05). The number of fluoroscopy
shots of surgeon-2 was found to be statistically significantly

longer than surgeon-1(p=0.002; p<0.01) (Table 2).

Table 1. Demographic characteristics

n (%)

Male 34 (72.3)
Gender

Female 13 (27.7)

Mean £ SD 36.11+£12.92
Age : -~ ;

Median (mini-maximum) | 31 (19-64)
Side Right 27 (57.4)

Left 20 (42.6)
Fracture type 42A1 13 (27.6)

42A2 7 (14.9)

42A3 8(17.0)

42B1 6(12.8)

42B2 8(17.0)

42B3 5(10.6)
Duration Mean £ SD 64.89+10.41
of surgery i . )
(minimum) Median (mini-maximum) | 62 (48-90)
Number of Mean + SD 54.09+13.46
fluoroscopy shots | vedian (mini-maximum) | 55 (30-78)
Surgeons Senior surgeon-1 23 (48.9)

Senior surgeon-2 24 (51.1)
SD: Standard deviation
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Table 2. Comparison of data according to surgeons

Surgeon-1 Surgeon-2 p-value
Male 14 (60.9) 20 (83.3) 0.085
Gender
Famale 9(39.1) 4(16.7)
A Mean + SD 39.39+15.63 32.961+8.88 0.088
e
8 Median (mini-maximum) 33 (19-64) 31(20-51)
Side Right 9(39.1) 18 (75.0) 0.013*
Left 14 (60.9) 6 (25.0)
X L. Mean + SD 64.17£12.51 65.58+8.12 0.132
Duration of surgery (minimum) - — -
Median (mini-maximum) 60 (48-90) 63.5 (56-90)
Mean + SD 47.74+£11.72 60.17+12.34 0.002**
Number of fluoroscopy shots - — -
Median (mini-maximum) 49 (30-66) 62 (30-78)
*p<0,05, **p<0,01, Pearson chi-square test, Student’s t-test, SD: Standard deviation

Table 3. Learning curve statistical analysis

Dependent variable Independent variable

B

SE

%95 CI

p-value

R2

Surgeon-1

-1.577

0.209

-2.011/-1.143

0.001**

0.731

Duration of surgery : B
urgeon-

-0.847

0.165

-1.190/-0.504

0.001**

0.543

Surgeon-1

0.197

0.375

-0.540/0.935

0.603

0.040

Number of fluoroscopy shots

Surgeon-2

0.050

0.372

-0.684/0.785

0.893

0.010

**p<0,01, B: Beta, SE: Standard error, CI: Confidence interval

When the learning outcomes of the surgery duration in surgeons
are examined, the surgery duration decreased significantly
over time. Surgeon-1 shortened the surgery duration faster
than surgeon-2. While the surgery duration of surgeon-1
decreased by an average of 1.557 minutes [beta (8):-1.557;
p=0.001; p<0.01] with each case, this decrease was 0.847 (8:-
0.847; p=0.001; p<0.01) minutes for surgeon-2. These results
show that surgeon-1 adapted to the suprapatellar technique
faster and reduced the surgery duration more effectively (Table
3). When the regression curve is drawn as a figure, it is seen
that there is a significant decrease and that it intersects after
approximately 10 cases. After the intersection, it is seen that
the duration starts to plateau and the curves tend to be parallel
(Figure 2).

There was no significant learning curve in terms of number of
fluoroscopy shots (p>0.05). It was observed that there was no
significant decrease in the number of fluoroscopy shots over
time. This was the result for both surgeons. As shown in the
figure, there is a more parallel curve (Figure 3).

DISCUSSION

The results of this study show that there can be a learning
curve in terms of surgery time during the recognition phase of
the suprapatellar nailing technique performed by two senior
surgeons. After approximately 10 cases, an intersection in the
regression curve in terms of surgery time and then a parallel

X surgeon 1real data

80 "

Operation Time (minutes)

50 5t x

Case number

Figure 2. Regression curve of operation time and number
of cases

course are shown graphically. It has been shown that there is
no significant change in terms of the number of fluoroscopy
shots. This shows us that there is no decrease or increase in
intraoperative radiation exposure with learning.

In our study, surgery time was determined as the time during
which skin-to-skin alignment and fixation were achieved.
The first studies conducted with the suprapatellar technique
showed that surgery time did not create a significant difference
when compared to the infrapatellar technique'. As the
technique developed, studies conducted showed that surgery
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Figure 3. Regression plateau of the number of fluoroscopy
shots and the number of cases

times were stated to be much shorter than the infrapatellar
technique”®. In the infrapatellar technique, the knee must be
in a flexed position. This situation causes reduction problems
and entry site problems, especially in proximal fractures,
and causes a loss of time. This problem is minimal in the
suprapatellar method. Since the entry point is proximal to the
patella and the patient is in the supine position, it has been
observed that there is less time loss with reduction because
the leg is extended. In addition, it is thought that the time
loss between the flexion position and the supine position in
distal screw locking is due to the less time spent in favor of
the supine position. There are many studies indicating patellar
tendon and infrapatellar tendon damage with the infrapatellar
technique'>™'. Due to the increase in anterior knee pain and
pain complaints in patients followed with the infrapatellar
technique, the suprapatellar technique has been tried to be
developed. However, there is a risk of chondral damage in the
patellofemoral joint with this technique'®. Since the studies
on this subject are not sufficient, it is open to investigation.
With the replacement of open surgeries with minimally invasive
and intramedullary techniques, X-ray exposure for fracture
reduction and stabilization status control has increased. This
poses a risk for people in the operating room during surgery'®.
The potential for increased neoplastic activity, even in the low-
dose range used at the time of fluoroscopy, has been known
for many years™. It has been shown that the risk of cataract
increases in people exposed to low-dose ionizing radiation
for a long time®. Studies have shown that the surgeon’s hand
faces the highest radiation exposure. The thyroid and eyes are
sensitive to radiation and can be affected even at low doses'.

Although segmental comminuted fractures and open fractures
were not included in our study in order to standardize the
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sample group as much as possible, the results showed that
the fluoroscopy period was not included in the learning curve.
When we investigated the reason for this, no organic problem
was found. However, we think that differences in the surgeons’
habits may have caused this. In the first cases, it was observed
that surgeons were more meticulous during the entry site
problems and the medullary canal during nailing and followed
the canal path step by step. It was observed that this habit
did not decrease over time and continued. This shows us that
fluoroscopy is needed in cases regardless of the number of
cases.

Allen et al.”® mentioned a significant decrease in the number
of fluoroscopy shots in their study comparing the suprapatellar
technique with the infrapatellar technique. They stated that
there was a significant decrease in the duration of surgery and
the number of fluoroscopy shots between the two groups. In
contrast to these data, recent studies have indicated that no
significant difference was observed in terms of the number of
fluoroscopy shots'?'. We thought that the comparison would
not be useful for us in the learning curve during the planning
phase. Because we think that comparisons made with the curve
of the infrapatellar technique, which has been a successful and
proven method for a long time, will not yield significant results.

Study Limitations

Our study has some limitations. Although we standardized the
fracture pattern and surgeon experience as much as possible,
surgical skill was an uncontrolled variable. Another limitation
was the surgeons’ habits. The average time between the
two surgeons was significantly different (p=0.002; p<0.01).
Although all other conditions were tried to be standardized,
there was no standardization of the surgical team (anesthesia
team, assistant surgical team, radiology technician).

CONCLUSION

Our study demonstrated that the suprapatellar intramedullary
nailing technique was associated with a significant reduction
in operative time, accompanied by a distinct regression curve
indicative of a measurable learning process. Surgeons adapted
rapidly to this technique, showing improved ability in fracture
reduction and fixation over time. However, no significant
decrease in the number of fluoroscopy shots was observed, nor
was there evidence of a corresponding regression curve for this
parameter. These findings suggest that while the suprapatellar
approach facilitates quicker technical adaptation and enhanced
intraoperative efficiency, further prospective studies with larger
cohorts and longer follow-up periods are necessary to validate
and generalize these results.
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