


F. Liu et al.  Application of MINICS software

143

classification and AO classification, all of which are 
based on X-ray image reading. However, patients with 
FNFs often have deformities, such as flexion, shorten-
ing, and external rotation, and are also limited by the 
uncertainty of distance, angle, and center during X-ray 
projection. This causes difficulty in capturing standard 
AP pelvic and hip radiographs, which are prone to 

missed diagnosis and misdiagnosis11. At present, the 
Garden classification is commonly used in clinical 
practice12, with Type  I as an incomplete fracture, 
Type  II as a complete fracture without significant dis-
placement, Type III as a complete fracture with partial 
displacement, and Type IV as a complete fracture with 
complete displacement. Some scholars believe that 
through CT and 3D reconstruction, incomplete frac-
tures do not actually exist13; therefore, they classify 
impacted fractures as Garden Type I. Du et al.14 identi-
fied six cases of incomplete fractures out of patients 
with Garden Type I fractures based on X-ray imaging 
and then confirmed three cases as incomplete frac-
tures through CT and 3D reconstruction. Conse-
quently, they believe that incomplete fractures do exist, 
but the incidence rate is relatively low. Du et al.15 have 
found after CT scans of 50 individuals with normal hips 
and the application of MIMICS mirror registration that 
the external morphology of the bilateral proximal femur 
is highly symmetrical, and the error generated by MIM-
ICS registration is ≤ 1 mm. In the present study, no 
incomplete fractures were detected in 28 patients with 
Garden type I FNFs based on MIMICS reconstruction 
and registration, a review in the coronal, horizontal, 
and sagittal planes, as well as analysis of CFH dis-
placement distance, horizontal tilt angle, and head 
spacing. In addition, in distinguishing Garden Type III, 
IV, and another Pauwels type based on the angle gen-
erated by fracture lines commonly used in clinical 
practice, X-ray imaging has a high misdiagnosis rate 
in that the fracture lines displayed on X-ray images are 
actually irregular projections of the fracture surface in 
the coronal plane on CT. Moreover, all types of FNFs 
are based on AP X-ray images of the hip, without con-
sidering lateral displacement. Our study demonstrates 
that the so-called stable types (I/II) in the Garden 

Figure 9. Spatial displacement of the femoral head. X means internal and external shift, Y means forward and backward shift, and Z means up 
and down shift.

Figure 11. Measurement of head-neck distance, head spacing, and 
spatial head-neck angle. AB and AC are the head spacing, and BC is 
the head-neck distance.

Figure 10. Measurement of horizontal head tilt angle. A: posterior tilt 
angle, B: anterior tilt angle. Black is the mirrored image of the affected 
femoral head. Red is the healthy side, and yellow is the base center of 
gravity of the femoral neck.
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Table 1. Comparative analysis of measured results

Factor Total Valgus group Bowing group p χ2 t

Case 72 30 42

Age 63.40 ± 12.88 59.67 ± 12.37 66.07 ± 12.71 0.037 2.132

Gender
Male
Female

35 (48.61)
37 (51.39)

12 (40.00)
18 (60.00)

23 (54.76)
19 (45.24)

0.217 1.527

Side
Left
Right

36 (50.00)
36 (50.00)

18 (60.00)
12 (40.00)

18 (42.86)
24 (57.14)

0.151 2.075

Garden classification
Stable type

I
II

Unstable type
III
IV

28 (38.89)
2 (2.78)

26 (36.11)
16 (22.22)

27 (90.00)
2 (6.67)

1 (3.33)
0 (00.00)

1 (2.38)
0 (0.00)

25 (59.52)
16 (38.10)

< 0.001 53.024

X‑axis
Medial displacement (n)
Lateral displacement (n)
Displacement (mm)
Displacement distance (mm)

35 (48.61)
37 (51.39)
0.12 ± 5.79

0 (0.00)
30 (100.00)

−4.83 ± 3.29
4.83 ± 3.29

35 (83.33)
7 (16.67)

3.12 ± 4.83
4.17 ± 3.94

< 0.001

0.453

48.649
0.754

Y‑axis
Anterior displacement (n)
Posterior displacement (n)
Displacement (mm)

1 (1.39)
71 (98.61)

12.26 ± 8.01

0 (0.00)
30 (100.00)
6.30 ± 3.86

1 (2.38)
41 (97.62)

16.52 ± 7.47

1.000*

< 0.001

8.185

Z‑axis
Upward displacement (n)
Downward displacement (n)
Displacement (mm) 

24 (33.33)
48 (66.67)

−6.81 ± 7.07

24 (80.00)
6 (20.00)

0.55 ± 2.19

0 (00.00)
42 (100.00)

−12.06 ± 3.91

< 0.001

< 0.001

50.400

15.677

Valgus angle - 8.44° ± 5.20° -

Bowing angle - - 23.90° ± 10.84°

Horizontal head tilt angle 31.49° ± 20.05° 16.69° ± 12.54° 42.06° ± 17.61°

Head‑neck distance/healthy side (mm) 31.55 ± 3.57 31.20 ± 3.82 31.80 ± 3.40

Head‑neck distance/affected side (mm) 28.22 ± 4.37 28.09 ± 4.56 28.31 ± 4.28

Head spacing 16.60 ± 8.32 8.86 ± 3.80 22.13 ± 5.87

Spatial head‑neck angle 31.16° ± 17.09° 15.44 ± 6.95 42.39 ± 12.72

Valgus angle/Bowing angle (°) 8.44° ± 5.20° 23.90° ± 10.84° < 0.001 −7.230

Horizontal head tilt angle(°) 17.53° ± 11.29° 43.05° ± 15.78° < 0.001 −8.000

Head spacing 8.86 ± 3.80 22.13 ± 5.87 < 0.001 −11.629

Spatial head‑neck angle 15.44° ± 6.95° 42.39° ± 12.72° < 0.001 −11.528

*Fisher’s exact probability test was applied when n > 40 and expected cell count < 1 (a minimum cell expectation of 0.42) in the Chi‑square test.

classification may not have significant displacement 
and be stable on the AP view, but may have significant 
displacement and be unstable on the lateral view. Fur-
thermore, the 3D spatial changes in the head-neck 
angle, stretching distance, and shortening distance 

confirm that FNFs are complex 3D spatial fractures 
and cannot be classified solely using a two-dimen-
sional (2D) model. The application of a 2D classifica-
tion in guiding and evaluating the reduction and 
prognosis of 3D fractures is not accurate.
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Some scholars16 hold the view that impacted frac-
tures belong to stable fractures and can be treated 
conservatively, which is inaccurate. Among the 
28  patients with impacted fractures in our study, 
13  (46.43%) of the horizontal head tilt angles and 
8 (28.57%) of the spatial head-neck angles were > 20°. 
One study17 has shown that the failure rate of internal 
fixation is 13.6% when the pre-operative posterior tilt 
angle of the hip is < 20°, and the failure rate of internal 
fixation is as high as 56% with the posterior tilt angle 
> 20°. Therefore, defining impacted fractures as Gar-
den Type I is not accurate, and conservative treatment 
is not the first choice. It has also been demonstrated 
that given the high failure rate in patients with pre-
operative anterior tilt angle > 10°, initial hip replace-
ment is recommended for this subgroup of elderly 
patients18. As a result, these patients should be actively 
treated by surgery, such as hip replacement, with the 
main goal of actively correcting the (anterior) posterior 
tilt angle rather than in situ fixation.

Anatomical characteristics of FNFs

Regarding the morphology of FNFs on CT, the valgus 
group was dominated by valgus-impacted FNFs, with 
laterosuperior impaction, medioinferior impaction or 
abduction, separation, and displacement in the coronal 
plane; the bowing group mostly comprised varus dis-
traction fractures, presenting laterosuperior distraction 
and medioinferior angular deformity in the coronal 
plane. In the coronal plane, the bowing angle was sig-
nificantly larger than the valgus angle, indicating that 
the angular displacement of the CFH in the coronal 
plane after FNFs was significantly larger in the bowing 
group than in the valgus group. Yamamoto et al.19 have 
shown that a posterior tilt angle > 20° on a CT image 

is correlated with complications such as ANFH. In our 
study, the number of patients with a head tilt angle > 
20° in the horizontal plane measured by CT was greater 
than that in the valgus group, suggesting that when 
head-preserving surgery is chosen, the bowing group 
is more prone to complications, such as internal fixation 
failure and ANFH. In addition, retinacular arterial dam-
age and venous drainage of the femoral neck and head 
may lead to higher failure rates in patients with a more 
pronounced tilt18,20. The failure of internal fixation that 
requires a salvage hip replacement is a severe compli-
cation in elderly patients, as it is less effective com-
pared with the initial hip replacement21,22. Moreover, 
according to the research on the blood supply and 
anatomy of the femoral head, the lateral ascending cer-
vical artery supplies between 2/3 and 3/4 of the blood 
supply to the femoral head, including the blood supply 
to the weight-bearing area, and the medial ascending 
cervical artery supplies between 1/4 and 1/3 of the 
blood supply to the femoral head23. Based on the mor-
phological characteristics of both groups, laterosuperior 
distraction displacement in the bowing group and lat-
erosuperior impaction displacement in the valgus group, 
the bowing group is more likely to cause damage to the 
lateral ascending cervical artery. Therefore, blood sup-
ply should be preserved in patients undergoing initial 
hip replacement.

FNFs are mainly caused by a head-neck imbalance, 
rather than a neck-shaft imbalance (except basal 
FNFs). The neck-shaft angle is the intersection angle 
between the proximal femoral axis and the femoral 
neck axis. In cases of FNFs, particularly subcapital 
FNFs, the neck-shaft angle is not actually changed, 
but rather the anatomical relationship between the 
femoral neck axis and the CFH changes. Under nor-
mal conditions, the femoral neck axis, where the base 

Table 2. Pearson product‑moment correlation coefficient

Correlation factor Horizontal 
head tilt angle

Head 
spacing

Coronal 
head‑neck angle

Spatial 
head‑neck angle

Y‑axis displacement 
distance

Z‑axis displacement 
distance

Horizontal head tilt angle 1

Head spacing 0.895** 1

Coronal head‑neck angle 0.428** 0.688** 1

Spatial head‑neck angle 0.907** 0.975** 0.713** 1

Y‑axis displacement distance 0.943** 0.915** 0.408** 0.895** 1

Z‑axis displacement distance 0.561** 0.784** 0.818** 0.787** 0.558** 1

**Significantly correlated at the 0.01 level (two‑tailed).
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of the femoral neck is located, should be collinear with 
the CFH. When FNFs (except basal FNFs) occur, the 
CFH is deviated from the femoral neck axis. The CFH 
displacement after FNFs in the coronal, horizontal and 
sagittal planes can be obtained through collecting 
pre-operative CT data from patients, reconstructing 
and mirroring the affected proximal femur based on 
MIMICS, registering the healthy proximal femur and 
utilising the 3D coordinates of CFHs on both healthy 
and mirrored affected sides. Our data confirmed that 
the fracture displacement was more obvious, the sta-
bility was worse and the injury was more severe in the 
bowing group.

Clinical significance of parameter 
measurement based on MIMICS

For a more accurate description of 3D spatial CFH 
displacement after FNFs, reference points are 
required to accurately describe the displacement 
distances and angle changes of the CFH in 3D 
space. Du et al.14 used small concavities of the bilat-
eral femoral head as reference points, but the con-
cavity of the affected femoral head needed to be 
manually located using a horizontal mask after MIM-
ICS mirror imaging. The accuracy was not high due 
to factors such as mask errors and single-plane 
limitations. Our study located the centroid of the 
base of the bilateral femoral neck after registration 
through the center of gravity function of MIMICS. 
Although the medullary cavity of the femoral neck 
was irregular under actual conditions, the centroid 
of the medullary cavity was equivalent to the center 
in ideal conditions. Therefore, based on the theory 
thatthe external morphology of the bilateralproximal 
femurs is highly symmetrical15, the mirror-aligned bilat-
eralfemoral neck base centroids overlap. The centroid 
was connected to the CFH on the healthy and 
affected sides, respectively, to generate a head-
neck angle in the coronal plane. Patients with the 
connecting line of the affected side above were clas-
sified into the valgus group; otherwise, patients were 
classified into the bowing group. The differences 
between the two groups were statistically analyzed. 
Under the same external force, elderly patients are 
prone to more severe fractures. Compared with the 
Garden and Pauwels classifications based on X-ray 
imaging, pre-operative inter-group parameter mea-
surement through MIMICS based on CT images is 
simpler and more accurate. There were statistically 

significant differences between the two groups in 
many key parameters. A personalized surgical plan 
was developed preoperatively based on the distinct 
anatomical characteristics of FNFs in the two groups. 
For lateral tilt angles in particular, appropriate intra-
operative reduction techniques, such as hip flexion, 
internal rotation, and even Kirschner wire prying 
according to preoperatively measured parameters, 
were needed to correct posterior tilt and rotation 
deformities; these aimed to achieve an accurate 
reduction in multiple planes and 3D space, rather 
than a simple 2D reduction on AP and lateral views. 
Postoperatively, CT was reviewed, re-reconstruc-
tion/registration was performed based on MIMICS, 
and the spatial reduction effect was accurately 
evaluated.

Horizontal tilt angle

Alho et al.24 have discovered a correlation between 
the posterior tilt angle of FNFs and internal fixation 
failure. Shin et al.25 measured the posterior tilt angle 
based on pre-operative and post-operative X-ray 
imaging and confirmed the correlation between the 
posterior tilt angle and femoral head necrosis. The 
above measurements are all based on X-ray imaging, 
and the accuracy needs to be further verified. There 
is currently no unified standard for the definition and 
measurement method of the posterior tilt angle. The 
conventional X-ray-based measurement is achieved 
by supine horizontal projection17, which is limited by 
factors such as patients’ pre-operative position, 
uncertainty of projection center, and interference from 
2D images, resulting in poor measurement accuracy. 
Liu et al.26 have found by examining X-ray supine 
horizontal measurements that when the pre-operative 
posterior tilt angle is > 15°, the incidence of complica-
tions associated with internal fixation for FNFs is 
higher. However, Yamamoto et al.19 believe that X-ray 
measurement is not accurate, and for some patients 
without significant displacement on X-ray imaging, CT 
still displays a posterior tilt angle > 20°. With the 
widespread application of CT technology and the 
emergence of MIMICS, the measurement method for 
the posterior tilt angle has become more extensive 
and accurate. In the study by Du et al.14, the small 
concavities of the bilateral femoral head on the 
healthy and mirrored affected sides were, respec-
tively, connected to their CFHs, and the angle between 
the two spatial straight lines was defined as the pos-
terior tilt angle, which is limited to Garden Types I and 
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II only. This method not only theoretically ensures 
that the CFHs on the healthy and affected sides are 
in the same plane but also ensures the intersection 
of the two lines. However, Garden Types III and IV, 
with significant displacement of the femoral head, 
were not studied in their research. Zhan et al.27 
defined the posterior tilt angle as the angle generated 
by connecting the CFHs on the healthy and affected 
sides to the centroid of the entire femoral neck, 
respectively. The limitation of this study lies in the 
fact that, except for subcapital FNFs, the centroids of 
the registered intact femoral neck on the healthy side 
and the fractured femoral neck on the affected side 
may not necessarily coincide. Therefore, the above 
studies can only be theoretically applicable to Garden 
Types I and II FNFs. Moreover, the so-called posterior 
tilt angle defined in the two studies is a spatial 3D 
angle, rather than a conventional planar (coronal, 
horizontal, sagittal) angle. MIMICS has no function 
for spatial angle measurement. Using the 2D angle 
measurement tool of MIMICS to measure an uncon-
ventional and non-planar angle in 3D space will result 
in larger measurement errors as the angle increases. 
The spatial head-neck angle measured in our study 
was a spatial angle calculated using mathematical 
formulae based on known trilateral lengths, which 
was not in any plane on CT. In this study, the valgus 
or bowing angle was a projection angle of the spatial 
head-neck angle in the coronal plane on CT, while 
the horizontal head tilt angle was the projection of 
this angle in the horizontal plane on CT. According to 
the single-factor correlation analysis, an extremely 
strong positive correlation was detected between the 
horizontal head tilt angle and the spatial head-neck 
angle. This study used the spatial head-neck angle 
and horizontal head tilt angle to represent posterior 
tilt angle in previous studies separately but did not 
define them as posterior tilt angle because of the 
presence of anterior head tilt in our study. Some 
scholars15 believe that after violent force acts on the 
femoral head, the anatomical characteristics of the 
hip and proximal femoral neck, as well as axial forces, 
can cause posterior head tilt. However, no relevant 
literature has been found to explain the anterior tilt of 
the head after FNFs. Therefore, our study suggests 
that the definition of posterior head tilt is not accurate. 
Furthermore, due to the common phenomenon of 
posterior head tilt in FNFs, it is indicated that the front 
part of the femoral neck is the tension side, so can-
nulated screws should not be tilted backwards.

Limitations

Inevitably, there were several limitations in this 
study. First, the limited sample size and single-center 
nature of this study reduce the persuasiveness of this 
investigation. Second, this study did not perform sub-
group analyses, which may ignore differences in 
imaging performance in different FNF populations. 
Furthermore, all the patients in this study were fresh 
FNFs, so the results may not apply to patients with 
old or pathologic FNFs.

Conclusions

The spatial parameter measurement through MIM-
ICS software based on CT data of FNFs can more 
accurately describe the spatial characteristics after 
FNFs, which is conducive to standardizing fracture 
classification and providing a theoretical basis for 
establishing a more accurate and effective spatial 3D 
classification. Moreover, based on the characteristics 
of pre-operative 3D parameters, it can help surgeons 
choose appropriate treatment methods, develop per-
sonalized surgical plans, improve reduction quality, 
and reduce post-operative complications. Large-sam-
ple, multicenter studies should be performed in the 
future to validate our findings.
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Linfadenectomía retroperitoneal laparoscópica en cáncer de 
testículo: factibilidad y seguridad en un centro de tercer nivel
Laparoscopic retroperitoneal lymph node dissection in testicular cancer: feasibility  
and safety at a tertiary center
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Resumen

Objetivo: Apoyar la evidencia de que la laparoscopia es el posible nuevo tratamiento de elección en el control de la enfermedad 
retroperitoneal en pacientes con cáncer de testículo. El manejo quirúrgico de los ganglios retroperitoneales es un paso fun-
damental en el tratamiento multidisciplinario de los tumores testiculares de células germinales. El abordaje laparoscópico del 
retroperitoneo es un desafío técnico en la urología oncológica. En el siguiente trabajo reportamos la seguridad, la eficacia y 
los resultados oncológicos a corto plazo de la linfadenectomía retroperitoneal laparoscópica en un instituto de referencia de 
tercer nivel. Método: Estudio prospectivo, observacional, descriptivo, de enero de 2021 a septiembre de 2023, que incluyó 
83 pacientes sometidos a linfadenectomía retroperitoneal laparoscópica. Resultados: Se realizaron 11 procedimientos de 
linfadenectomía retroperitoneal laparoscópica primaria (13.3%), 36 (43.3%) estándar, 22 (26.5%) de salvamento, 11 (13.3%) 
de desesperación y 3  (3.6%) redo. En los casos de linfadenectomía primaria, el 81.9% de los pacientes tuvieron ganglios 
positivos (pN1-3). La tasa de conversión a cirugía abierta fue del 6%. El sangrado, el volumen ganglionar, los marcadores 
prelinfadenectomía, la quimioterapia, la histología inicial y la histología de los ganglios no fueron factores de riesgo para 
conversión = El tiempo quirúrgico medio fue de 250 minutos. No hubo complicaciones mayores (lesiones a órganos o lesiones 
vasculares) ni necesidad de transfusión hemática. El sangrado medio fue de 60 ml. El 9.6% de los pacientes tuvieron recu-
rrencia; la sobrevida libre de recurrencia fue de 36.7 meses. Conclusiones: La experiencia reportada demuestra la seguridad 
y la eficacia de la linfadenectomía retroperitoneal laparoscópica primaria, así como en tumores residuales tras quimioterapia. 
El abordaje laparoscópico permite una pronta recuperación de los pacientes sin afectar los resultados oncológicos. Es reco-
mendable realizar este tipo de cirugía en centros de alto volumen y en manos de cirujanos experimentados en cirugía retro-
peritoneal.

Palabras clave: Cáncer de testículo. Linfadenectomía retroperitoneal. Cirugía mínimamente invasiva.

Abstract

Objective: To bear the evidence that laparoscopy is the possible new treatment of choice in the management of retroperitoneal 
disease in patients with testicular cancer. The surgical management of retroperitoneal lymph nodes is a crucial step in the 
multidisciplinary treatment of testicular germ cell tumors. Laparoscopic retroperitoneal approach poses technical challenges in 
urologic oncology. This study reports on the safety, efficacy, and short-term oncological outcomes of laparoscopic retroperito-
neal lymph node dissection at a tertiary referral hospital. Method: Prospective, observational, descriptive study conducted from 
2021 to 2023, including 83 patients who underwent laparoscopic retroperitoneal lymph node dissection. Results: Eleven cases 
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Introducción

El abordaje multidisciplinario en el cáncer de testí-
culo es básico para alcanzar una tasa de sobrevida 
> 90%. La cirugía retroperitoneal es un paso funda-
mental en estos pacientes y puede ser primaria o 
posterior a la quimioterapia. La linfadenectomía retro-
peritoneal primaria tiene varios objetivos:

–	 Estadificar correctamente los pacientes; un 
20-30% de los tumores clasificados en estadio 
clínico I por métodos de imagen son reestadifi-
cados posterior a la cirugía como estadio clínico 
II con ganglios positivos1.

–	 Evitar el 70% de probabilidad de recurrencia en 
el retroperitoneo en tumores germinales no semi-
nomatosos en estadio clínico I con invasión lin-
fovascular o presencia de carcinoma embrionario 
en el testículo2.

–	 Posterior a la quimioterapia, en tumores germi-
nales no seminomatosos, se realiza en masas 
residuales > 1 cm con el fin de tratar el 30% de 
las masas residuales que pueden contener tumor 
viable o teratoma3. En los seminomas en estadio 
clínico II-III puede considerarse en las masas 
residuales > 3  cm que captan en la tomografía 
por emisión de positrones; en estos casos, las 
resecciones suelen ser siempre más complejas 
y se recomienda que sean realizadas en un cen-
tro con experiencia y de alto volumen3.

La cirugía mínimamente invasiva (laparoscópica o 
asistida por robot) en el manejo del retroperitoneo en 
los pacientes con cáncer de testículo ha ganado 
popularidad en las últimas décadas. Inicialmente se 
describieron los primeros casos de éxitos de trata-
mientos laparoscópicos en pacientes en estadio clíni-
cos I4,5. En el escenario posterior a la quimioterapia, 
la cirugía mínimamente invasiva puede producir resul-
tados comparables a los procedimientos abiertos en 

casos seleccionados, con enfermedad residual de 
bajo volumen y cuando la llevan a cabo cirujanos muy 
experimentados3. En los casos en que se deben rea-
lizar plantillas bilaterales, la cirugía laparoscópica 
retroperitoneal se ha demostrado inferior a la cirugía 
abierta en cuanto a tiempo quirúrgico, sangrado y tasa 
de conversión6. La eficacia, la viabilidad y el enfoque 
ideal de la disección retroperitoneal posterior a la qui-
mioterapia sigue siendo un tema de controversia.

En el presente trabajo examinamos nuestros resulta-
dos perioperatorios y oncológicos después de la linfade-
nectomía retroperitoneal laparoscópica (L-RPLND, 
laparoscopic retroperitoneal lymph node dissection), pri-
maria y posterior a la quimioterapia, para apoyar la evi-
dencia de que la laparoscopia es el posible nuevo 
tratamiento de elección en el manejo de la enfermedad 
retroperitoneal en los pacientes con cáncer de testículo.

Método

Posterior a la aprobación por el Comité de Investi-
gación y Ética del Instituto Nacional de Cancerología 
(número 023/006/URI) se recolectaron consecutiva-
mente de forma prospectiva los datos de los pacien-
tes sometidos a L-RPLND por cáncer de testículo en 
el Instituto Nacional de Cancerología, desde enero de 
2021 hasta septiembre de 2023.

Se tomaron en cuenta los datos: histología primaria 
del tumor, estadio clínico según la clasificación de la 
Unión Internacional contra el Cáncer (UICC 2016, 8.ª 
ed.) y niveles de marcadores tumorales, incluyendo 
alfa-fetoproteína, gonadotropina coriónica humana 
beta y deshidrogenasa láctica, pre- y post-orquiecto-
mía, y posterior a la quimioterapia. Los pacientes 
recibieron bleomicina, etopósido y platino (BEP) o 
etopósido y platino (EP), y en segunda línea paclita-
xel, ifosfamida y platino (TIP).

La L-RPLND se clasifica en primaria (la que se rea-
liza en pacientes que no reciben quimioterapia, para 

of primary laparoscopic retroperitoneal lymph node dissection (13.3%), 36 standard (43.3%), 22 salvage (26.5%), 11 des-
peration (13.3%), and 3 redo cases (3.6%) were performed. In primary cases, 81.9% of patients had positive nodes (pN1-3). 
The conversion rate to open surgery was 6%. Bleeding, lymph node volume, pre-lymphadenectomy markers, chemotherapy, 
initial histology, and lymph node histology were not risk factors for conversion = Mean surgical time was 250 minutes. There 
were no major complications (organ injury, vascular injury) or need for blood transfusion = Mean blood loss was 60 mL. Recur-
rence rate was 9.6%, with recurrence-free survival of 36.7 months. Conclusions: The reported experience demonstrated the 
safety and efficacy of primary laparoscopic retroperitoneal lymph node dissection, as well as post-chemotherapy cases. Lapa-
roscopic approach allows for early patient recovery without compromising oncological outcomes. It is advisable to perform this 
surgery in high-volume centers with experienced surgeons in retroperitoneal surgery.

Keywords: Testicular cancer. Retroperitoneal lymphadenectomy. Minimally invasive surgery.
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estratificación anatomopatológica o como tratamiento 
primario) o posterior a la quimioterapia. Esta última 
se subclasificada en cuatro tipos: estándar (la que se 
efectúa en tumores residuales posterior a una línea 
de quimioterapia, en presencia de marcadores tumo-
rales negativos), de salvamento (tras dos líneas de 
quimioterapia o posterior a linfadenectomía primaria 
o a resección incompleta del tumor, con marcadores 
tumorales negativos) de desesperación (la que se 
realiza tras dos línea de quimioterapia y en presencia 
de marcadores tumorales positivos) y «redo» (en caso 
de recurrencia dentro el campo de disección prima-
ria). La indicación de linfadenectomía retroperitoneal 
posterior a la quimioterapia depende principalmente 
de la histología del tumor primario y de la presencia 
y el tamaño de las masas residuales, según las guías 
internacionales3,7.

Los criterios de inclusión en el estudio fueron los 
siguientes: pacientes candidatos a linfadenectomía pri-
maria; tumores germinales no seminomatosos con 
masa residual > 1  cm posterior a la quimioterapia y 
<  8  cm; y pacientes con seminoma retroperitoneal 
entre 3 c y 8 cm. Los pacientes con masas volumino-
sas posteriores a la quimioterapia (tumores grandes 
con compresión de la vena cava o de la aorta) no fue-
ron considerados candidatos para la laparoscopia.

Se reportaron los resultados intraoperatorios (san-
grado, tiempo quirúrgico, tasa de conversión, días de 
estancia hospitalaria y complicaciones según la cla-
sificación Clavien-Dindo) y los resultados oncológicos 
postoperatorios (histología del tumor, necesidad de 
quimioterapia de salvamento, casos de recurrencia 
definida como evidencia radiológica de nuevas lesio-
nes en el pulmón, el abdomen o la pelvis, o aumento 
de los marcadores tumorales, y sobrevida libre de 
recurrencia calculada desde la fecha de la linfadenec-
tomía a la fecha de recurrencia). El seguimiento fue 
calculado desde la fecha del diagnóstico inicial hasta 
la última consulta.

El análisis estadístico se llevó a cabo con el pro-
grama SPSS versión 25. Se reportaron la media y la 
desviación estándar, la mediana y el rango intercuar-
til, y la frecuencia de las características de la muestra, 
según el tipo de variable. La comparación entre los 
grupos de conversión y los que no se llevó a cabo 
con las pruebas de χ2 de Pearson o exacta de Fisher 
para las variables cualitativas; con la prueba U de 
Mann-Whitney o Mann/Wilcoxon se compararon 
variables en dos muestras independientes, y para tres 
muestras independientes se aplicó la prueba de Krus-
kal-Wallis. La estimación de la sobrevida libre de 

recurrencia se realizó utilizando el método de Kaplan-
Meier. La comparación de este tiempo por algunas 
variables se realizó mediante la prueba de Log Rank. 
En todos los casos se consideró estadísticamente 
significativo un valor de p < 0.05.

Técnicas quirúrgicas

En los casos en que se realizó plantilla bilateral, los 
pacientes se colocaron en posición supina, y en aque-
llos con plantilla modificada unilateral se colocaron en 
decúbito lateral. El acceso fue realizado con técnica 
de Hasson. Se usaron cinco trocares para las planti-
llas bilaterales (tres de 12 mm y dos de 5 mm) y cuatro 
en las plantillas unilaterales. El trocar óptico se colocó 
en el área periumbilical y los demás en las líneas 
verticales de los flancos o en las fosas iliacas. Para 
el lado derecho se colocó un trocar de 5  mm en el 
epigastrio para separar el hígado desde el hilio renal. 
El abordaje de elección fue el transperitoneal; en nin-
gún caso se realizó abordaje extraperitoneal. Las 
plantillas fueron las modificadas bilateral o unilateral. 
La plantilla del lado derecho tiene como límites supe-
riores los vasos renales, inferiormente el uréter dere-
cho a nivel del cruce con los vasos iliacos y 
medialmente la mesentérica inferior; los ganglios 
incluidos son los paracavales, laterocavales, retroca-
vales e intercava-aórtico, y gonadales derechos. Para 
la plantilla del lado izquierdo los límites de la disec-
ción son la imagen en espejo del lado contralateral, 
y se retiran los ganglios paraaórticos, preaórticos, 
interaortocavales, retroaórticos, ilíacos izquierdos y 
gonadales izquierdos. Como sugiere la escuela de 
Indiana, se eliminaron, en las plantillas modificadas, 
la disección del tejido contralateral debajo de la arteria 
mesentérica inferior, evitando así los nervios simpáti-
cos lumbosacros, los nervios eferentes postsimpáticos 
y el plexo simpático hipogástrico. También se omitió 
la disección suprahiliar, ya que la tasa de recaída en 
estadio patológico II es equivalente cuando se inclu-
yen las áreas suprahiliares8. Se utilizaron clips de 
polímero para cerrar todos los canales linfáticos, 
teniendo cuidado de evitar seccionar los ganglios.

Resultados

Se analizaron 83 casos de L-RLND realizadas 
durante el periodo de estudio. La edad mediana fue 
de 27.60 años (rango intercuartil: 8). En ningún caso 
fue necesaria transfusión de sangre. Las caracterís-
ticas clínicas y patológicas de la cohorte al momento 
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de diagnóstico prelinfadenectomía están resumidas 
en la tabla 1. La orquiectomía se realizó de forma 
diferida en cuatro casos (4.8%), por la extensión de 
la enfermedad en el cordón espermático o por las 
condiciones críticas de los pacientes; en estos casos 
de orquiectomía posterior a quimioterapia no hubo 
evidencia de tumor viable en el testículo, solo fibrosis. 
En la resección laparoscópica del retroperitoneo de 
los casos de orquiectomía diferida se reportó presen-
cia de teratoma residual solo en un caso; en los 
demás, fibrosis. En tres de los cuatro pacientes (3.6%) 
sometidos a orquiectomía diferida se realizó el abor-
daje laparoscópico del retroperitoneo de manera 
simultánea.

Hubo dos casos de L-RPLND en tumores germina-
les extragonadales primarios. En los casos de tera-
toma pospuberal en el diagnóstico inicial (n = 5), en 
dos se realizó linfadenectomía primaria y en tres pos-
terior a la quimioterapia.

Se efectuaron 11 casos (13.3%) de L-RPLND prima-
ria: 36  (43.3%) estándar, 22  (26.5%) de salvamento, 
11 (13.3%) de desesperación y 3 (3.6%) redo. En los 
casos de linfadenectomía primaria, el 81.9% (n = 9) 
de los pacientes tenían ganglios positivos (pN1-3), 
con presencia de tumor viable y teratoma. Hubo una 
diferencia estadísticamente significativa (p = 0.05, χ2 
de Pearson) entre etapificación clínica (cN) y etapifi-
cación patológica (pN). Los resultados intra- y posto-
peratorios están resumidos en las tablas 2 y 3. En el 
89.2% (n = 74) de los casos se logró la resección de 
los ganglios; la resección incompleta (n = 9) fue 
debida a la presencia de reacción tisular desmoplá-
sica posterior a la quimioterapia.

La tasa de conversión a cirugía abierta fue del 6% (n 
= 5). No hubo diferencia en cuanto a sangrado, volumen 
ganglionar, marcadores prelinfadenectomía, quimiotera-
pia prelinfadenectomía, histología inicial, tipo de linfade-
nectomía (primaria o posterior a quimioterapia), plantillas 
e histología de los ganglios entre los pacientes con y 
sin conversión a cirugía abierta (Tabla 4). No se identi-
ficaron factores de riesgo para conversión a cirugía 
abierta; sin embargo, hubo mayor riesgo de conversión 
en presencia de fibrosis (riesgo relativo [RR]: 1.282; 
intervalo de confianza del 95% [IC 95%]: 0.429-3.833) 
en comparación con la presencia de tumor viable/tera-
toma (RR: 0.812; IC 95%: 0.383-1.721).

En ningún paciente fue necesario realizar transfusión 
sanguínea. No hubo ningún caso de lesión vascular. 
La única complicación intraoperatoria fue una lesión 
ureteral en un paciente portador de catéter ureteral JJ, 

Tabla 1. Características clínicas de los pacientes (n = 83) previo 
a la linfadenectomía

Variables n (%)

Orquiectomía
Izquierda
Derecha
Extragonadal

39 (47)
42 (50.6)

2 (2.4)

Patología al diagnóstico
Seminoma
Tumor germinal no seminomatoso mixto
Teratoma pospuberal
Carcinoma embrionario
Senos endodérmicos
Fibrosis
Extragonadal
Desconocido 

6 (7.2)
58 (69.9)

5 (6)
6 (7.2)
1 (1.2)
4 (4.8)
2 (2.4)
1 (1.2)

Marcadores tumorales preorquiectomía
Negativos
Positivos
Valor desconocido

2 (2.4)
59 (71.1)
20 (24.1)

Marcadores tumorales postorquiectomía
Negativos
Positivos
Valor desconocido

23 (27.7)
58 (69.9)

2 (2.4)

Grupo pronóstico (IGCCC)
Bueno
Intermedio
Pobre

40 (48.2)
22 (26.5)
21 (25.3)

Estadio clínico
IS
IA
IB
IIA
IIB
IIC
IIIA
IIIB
IIIC
Desconocido

3 (3.6)
5 (6)

3 (3.6)
11( 13.3)
10 (12)
7 (8.4)
10 (12)

11 (13.3)
19 (22.9)

4 (4.8)

Quimioterapia
No
1BEP
2BEP
3‑4 BEP
2 EP
4 EP
TIP

11 (13.3)
1 (1.2)
1 (1.2)

28 (33.7)
1 (1.2)

24 (28.9)
17 (20.5)

Marcadores tumorales prelinfadenectomía
Negativos
Positivos

72 (86.7)
11 (13.3)

cN prelinfadenectomía
cN0
cN1
cN2
cN3
cNx

10 (12)
16 (19.3)
24 (28.9)
30 (36.1)

3 (3.6)

BEP: bleomicina, etopósido y platino; EP: etopósido y platino; IGCCC: clasificación del 
grupo colaborativo internacional sobre cáncer de células germinales; TIP: paclitaxel, 
ifosfamida y platino.
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la cual fue reparada con sutura de Monocryl 3-0. Dos 
pacientes tuvieron linfoceles a los 3 meses de segui-
miento; uno de ellos, con linfocele de 5 × 5 cm, ameritó 
punción radiológica guiada por tomografía, con eva-
cuación de 80 ml de líquido citrino. Se reportaron cua-
tro casos (5%) de aneyaculación.

No hubo diferencia en el tiempo quirúrgico entre los 
varios tipos de linfadenectomía (p = 0.719) ni en las plan-
tillas quirúrgicas (p = 0.463; prueba de Kruskal-Wallis).

El 8.4% (n = 7) de los pacientes tuvieron recurren-
cia; de estos, dos habían sido sometidos a linfade-
nectomía primaria y cinco a linfadenectomía posterior 
a quimioterapia, y todos excepto uno tenían tumor 
viable o teratoma en la histología retroperitoneal. De 
los casos que presentaron recurrencia, tres fueron 
sometidos a nueva resección laparoscópica (redo) y 
dos casos de tumor viable recibieron una segunda 
línea de quimioterapia.

La sobrevida libre de recurrencia fue de 39.7 meses 
(rango intercuartil: 12) (Fig. 1). Los sitios de recurren-
cia fueron el retroperitoneo, el área subdiafragmática 
y el canal inguinal. Dos casos de recurrencia presen-
taban transformación somática a carcinoma neurogé-
nico y rabdomiosarcoma en el testículo. Se observó 
diferencia en la supervivencia libre de progresión 
entre tumor viable/teratoma y fibrosis (Log Rank: 
0.04) (Fig. 2). Hubo persistencia de la enfermedad en 
21 pacientes (25.3%) en sitios extrarretroperitoneales. 
El 13.3% (n = 11) progresaron a pulmón, hígado y 
retroperitoneo; los casos que progresaron habían 
sido sometidos a linfadenectomía estándar (n = 4), 
de salvamento (n = 4) o de desesperación (n = 3). 
El tiempo de seguimiento promedio fue de 40 meses. 
Tras una mediana de seguimiento de 12 meses 
(rango intercuartil: 12), tres pacientes fallecieron por 
la enfermedad.

Tabla 4. Factores de riesgo para conversión a cirugía abierta

Variables p*

Sangrado 0.289

Volumen ganglionar, mm 0.385

Marcadores prelinfadenectomía 0.298

Quimioterapia prelinfadenectomía 0.354

Histología al diagnóstico 0.484

Histología pN 0.627

Tiempo quirúrgico 0.875

Tipo de linfadenectomía (primaria o posterior  
a quimioterapia)

0.609

Plantilla (unilateral o bilateral) 0.241

*Prueba de Mann‑Whitney.

Tabla 2. Hallazgos intraoperatorios y posteriores a la linfadenectomía

Variables Mediana (RIC), rango, 
RIC, frecuencia

Diámetro tumoral residual por estudio de 
imagen (diámetro mayor), mm

62.0 (16‑175; 44)

Tamaño tumoral residual (patología), mm 58.4 (7.0‑150; 30)

Plantilla quirúrgica
Derecha
Izquierda
Bilateral

34 (41%)
45 (54.2%)

4 (4.8%)

Tiempo quirúrgico (mediana), min 250 (60‑495; 130)

Sangrado (mediana), ml 60 (10‑600; 120)

Días de hospitalización 1.35 (1‑4; 1)

RIC: rango intercuartilar.

Tabla 3. Resultados de patología

Variables n (%)

Histología de la linfadenectomía
Tumor viable
Teratoma
Fibrosis
Hiperplasia

11 (13.3)
30 (36.1)
36 (43.4)

6 (7.2)

Números de ganglios 3.4 (rango: 1‑24; 3)

Número de ganglios positivos 41 (49.4)

Quimioterapia adyuvante en pN+ (de salvamento)
No
Sí

32 (46.4)
5 (35.7)

Figura  1. Sobrevida libre de recurrencia posterior a L-RPLND  
en pacientes con tumores germinales de testículo.
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Discusión

La serie reportada es la más grande de una insti-
tución de tercer nivel, centro de referencia en México 
para los tratamientos multidisciplinarios de tumores 
de células germinales de cáncer de testículo.

La mayoría de los casos reportados de L-RPLND 
fueron realizados posterior a la quimioterapia. La 
L-RPLND posterior a la quimioterapia es desafiante 
en comparación con la primaria, debido a la presencia 
de reacciones desmoplásicas y tejidos cicatriciales 
provocada por los agentes de quimioterapia. En nues-
tra serie, correspondiente a un centro de alto volumen 
en el manejo de cirugía retroperitoneal convencional, 
observamos que la presencia de fibrosis en el tumor 
residual podría ser motivo de conversión a cirugía 
abierta. Sin embargo, la misma cirugía mínimamente 
invasiva puede facilitar la disección de las masas 
residuales debido a la magnificación óptica de los 
tejidos y la mejor visualización de la irrigación vascu-
lar; el mismo dióxido de carbono puede ayudar en la 
resecabilidad de los planos fuertemente adheridos 
por la reacción tisular provocada por la quimioterapia. 
No alcanzamos a identificar factores que puedan pre-
decir la conversión a cirugía abierta, a pesar de que 
la mayoría fueron casos complejos realizados poste-
riormente a la quimioterapia.

A pesar de las incontrovertibles ventajas de la 
mínima invasión sobre la cirugía retroperitoneal, como 
la menor pérdida hemática, la estancia hospitalaria más 
corta y la reducción de las complicaciones postopera-
torias y de la tasa de recurrencia, la cirugía convencio-
nal abierta sigue siendo el estándar de referencia para 
las masas retroperitoneales residuales o recurrentes 
tras la quimioterapia3. Afortunadamente, varios estu-
dios han demostrado que las técnicas laparoscópicas 

parecen compensar las deficiencias de la cirugía 
abierta. El abordaje laparoscópico del retroperitoneo 
reduce las complicaciones postoperatorias y la tasa 
de recurrencia9-11, y es superior a la cirugía abierta en 
cuanto a menores complicaciones, días de estancia 
hospitalaria y pérdidas hemáticas10.

Nuestro estudio respalda un perfil de morbilidad 
aceptable y sugiere la eficacia oncológica a corto 
plazo de la L-RPLND en un centro de alto volumen 
y de referencia nacional. Los casos de recurrencia 
temprana que observamos fueron debidos a que los 
pacientes, de inicio, debutaron con enfermedad de 
riesgo pobre o intermedio, por lo cual la cirugía  
del retroperitoneo era parte de un tratamiento 
multimodal.

Nuestros resultados perioperatorios fueron similares 
a los de las series abiertas reportados en la literatura. 
Tuvimos un tiempo quirúrgico más largo al realizar 
plantilla bilateral, en coincidencia con otras series9-11. 
El tiempo operatorio medio coincide con el de las 
series abiertas (robótica: 235  minutos; abierta: 188-
270 minutos); sin embargo, la L-RPLND se asoció con 
una menor pérdida de sangre (60  ml frente a 184-
450 ml) y una menor duración de los días de hospita-
lización (1 día frente a 4-6 días)12-18. En una serie de 
151 pacientes sometidos a linfadenectomía retroperi-
toneal por tumores germinales no seminomatosos 
metastásicos se demostró que la presencia de tejido 
fibrótico y el mayor volumen tumoral fueron factores 
de riesgo para tiempo quirúrgico más largo y conver-
sión a cirugía abierta19. Nuestra tasa de conversión a 
cirugía abierta fue menor que la reportada en otra 
serie19.

Los resultados preliminares de la linfadenectomía 
retroperitoneal primaria con mínima invasión en el 
estadio clínico II del seminoma indican que es eficaz 
y con bajo riesgo, por lo que la opción de elegir la 
cirugía en lugar de la quimioterapia o la radioterapia 
podría reducir la toxicidad a largo plazo de esta dos 
últimas opciones16-18. En nuestra serie solo realizamos 
linfadenectomía primaria en tumores germinales no 
seminomatosos.

En nuestra experiencia, la tasa de recurrencia y la 
sobrevida libre de recurrencia son comparables a las 
reportadas en otras series. Es fundamental, para 
alcanzar una sobrevida libre de recurrencia, realizar 
la resección completa de los ganglios20. Hay eviden-
cia de que las tasas de recurrencia con cirugía con-
vencional abierta y con cirugía mínimamente invasiva 
son comparables10,21,22.

Figura 2. Sobrevida libre de recurrencia por histología residual.
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La cirugía mínimamente invasiva ha ganado mucha 
popularidad en las últimas décadas debido a sus 
potenciales beneficios. La cirugía laparoscópica es 
una alternativa más económica de la cirugía robótica 
en los pacientes con cáncer de testículo. Dada la 
joven edad de la mayoría de los pacientes con cáncer 
de testículo, hay que mantener la calidad de vida y la 
morbilidad en el abordaje quirúrgico del retroperito-
neo; estos objetivos se alcanzan de forma completa 
con la cirugía mínimamente invasiva en comparación 
con la cirugía abierta. Los pacientes pueden lograr 
una recuperación más ligera y regresar a su vida dia-
ria o seguir con los tratamientos quimioterápicos de 
forma más rápida cuando son sometidos a cirugía 
laparoscópica.

Hay que hacer algunas consideraciones importan-
tes. Primero, la L-RPLND es tan eficaz como la cirugía 
abierta para limpiar el retroperitoneo. En segundo 
lugar, la L-RPLND posterior a la quimioterapia man-
tiene los beneficios esperados en términos de tolera-
bilidad, como ya se conocía en el caso de la 
linfadenectomía primaria primaria23. Las complicacio-
nes intraoperatorias son mínimas, menores que en la 
cirugía abierta, con una hospitalización más corta y 
menores complicaciones (muy pocas de grado > 2) 
en comparación con la contraparte abierta9,22,24,25.

Nuestro estudio no está exento de limitaciones. La 
duración media del seguimiento es de 12 meses y 
esto nos impide ofrecer resultados a largo plazo. No 
obstante, debe tenerse en cuenta que la mayoría de 
las recaídas de tumores testiculares suelen ocurrir en 
los primeros 2 años después de la cirugía. No reali-
zamos una comparación formal entre la cirugía abierta 
y la L-RPLND, pero los resultados oncológicos pro-
porcionados parecen válidos incluso sin un análisis 
comparativo directo, lo que puede conducir a pocos 
sesgos derivados de la elección del cirujano.

Conclusiones

La L-RPLND es una opción segura y eficaz. Hasta 
la fecha, nuestra serie es la más larga reportada en 
México y apoya la evidencia de que la técnica lapa-
roscópica podría ser considerada el estándar para el 
manejo del retroperitoneo en los pacientes con cáncer 
de células germinales de testículo. Cabe destacar que 
la cirugía retroperitoneal sigue siendo un procedi-
miento meticuloso desde cualquier enfoque, que debe 
reservarse para centros de alto volumen y con ciru-
janos experimentados en el manejo del retroperitoneo 
y específicamente en el cáncer testicular.
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Toernblom M, et al. Unilateral or bilateral retroperitoneal lymph node 
dissection in non-seminoma patients with postchemotherapy residual 
tumour? Results from RETROP, a population-based mapping study by 
the Swedish Norwegian testicular cancer Group. S2588-9311. Eur Urol 
Oncol 2021;21:00036.

	 25.	 Maldonado-Valadez R, Schilling D, Anastasiadis AG, Sturm W, Stenzl A, 
Corvin S. Post-chemotherapy laparoscopic retroperitoneal lymph-node 
dissection in testis cancer patients. J Endourol. 2007;21:1501e4.



157

Traducción al español y adaptación cultural de un cuestionario 
para evaluar la satisfacción de los pacientes sometidos  
a anestesia regional
Translation into Spanish and cultural adaptation of a questionnaire to evaluate the 
satisfaction of patients undergoing regional anesthesia
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Resumen

Objetivo: Son escasos los cuestionarios enfocados en anestesia regional que han sido validados y adaptados culturalmente 
a la población blanco, por lo que el objetivo es traducir adaptar culturalmente y validar el cuestionario original en francés 
Evaluation de la satisfaction des patients ayant bénéficié d’une anesthésie locorégionale par bloc nerveux périphérique al 
idioma español en México. Método: La traducción, la adaptación cultural y la validación del cuestionario se efectuaron con el 
método del Quality of Life Special Interest Group (QoL-SIG)  - Translation and Cultural Adaptation Group (TCA Group). Se 
evaluaron la calidad de la traducción y la aplicabilidad del cuestionario, y se estimaron su fiabilidad y estabilidad. Resultados: 
La tasa de respuesta fue del 100%. Cada cuestionario se efectúo en menos de 5 minutos. El coeficiente de correlación de 
Spearman e intraclase entre las dos evaluaciones realizadas para las respuestas ordinales fue de 1 (p < 0.001). Las respu-
estas fueron constantes en las respuestas dicotómicas, excepto en la respuesta 3.1, con un índice kappa y un coeficiente phi 
de 1 (p < 0.001). Conclusiones: El cuestionario traducido y adaptado culturalmente al español en México es una herramienta 
válida, fiable, sencilla y fácil de utilizar para evaluar la satisfacción del paciente sometido a anestesia regional.

Palabras clave: Satisfacción. Anestesia regional. Bloqueos nerviosos. Cuestionario.

Abstract

Objective: Here are few questionnaires focused on regional anesthesia that have been validated and culturally adapted to the 
target population, so the objective is to translate, culturally adapt, and validate the original French questionnaire Evaluation de 
la satisfaction des patients ayant bénéficié d’une anesthésie locorégionale par bloc nerveux périphérique into the Spanish 
language in Mexico. Method: The translation, cultural adaptation and validation of the questionnaire was carried out using the 
Quality-of-Life Special Interest Group (QoL-SIG) - Translation and Cultural Adaptation Group (TCA Group) method. The qual-
ity of the translation and the applicability of the questionnaire were evaluated, and its reliability and stability were estimated. 
Results: The response rate was 100%. Each questionnaire takes less than 5 minutes. The Spearman and intraclass correla-
tion coefficient between the two evaluations carried out for the ordinal responses was 1 (p < 0.001). The responses were 
constant in the dichotomous responses, except in response 3.1, with a kappa index and phi coefficient of 1 (p < 0.001). 
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Introducción

La anestesia regional, central y periférica, tiene 
como su principal objetivo la eliminación del dolor en 
la zona a intervenir durante el proceso quirúrgico y el 
control adecuado del dolor posoperatorio1,2. Sin 
embargo, a pesar de sus beneficios demostrados es 
necesario realizar investigaciones más detalladas 
sobre la satisfacción del paciente al utilizar anestesia 
regional. La satisfacción no puede ser considerada 
como un indicador objetivo, pero sí como parte integral 
de la evaluación de la calidad en la atención anesté-
sica3 y como la mejor manera de conocer el resultado 
desde el punto de vista del paciente4. La satisfacción 
es un concepto complejo y multidimensional, y ha sido 
definida como el producto de la comparación entre las 
expectativas y el resultado final percibido por el 
paciente ante un tratamiento4,5 o una intervención. Aun 
cuando diversos estudios han evaluado la satisfacción 
del paciente con la anestesia, son pocos los que 
reportan la elaboración de un cuestionario mediante 
un proceso psicométrico y su subsecuente validación, 
y aún más escasos son los cuestionarios validados y 
adaptados culturalmente que se enfocan en la anes-
tesia regional3,6. Montenegro et al.7, en 2006, desarro-
llaron y validaron un cuestionario de satisfacción en 
francés para pacientes intervenidos bajo bloqueo de 
nervios periféricos (BNP). Sin embargo, cuando se 
desea utilizar un cuestionario desarrollado en otro país 
y otro idioma, además de traducirlo es necesario 
adaptarlo culturalmente y validarlo8.

El objetivo de este estudio fue traducir, adaptar cultu-
ralmente y validar el cuestionario original en francés Eva-
luation de la satisfaction des patients ayant bénéficié 
d’une anesthésie locorégionale par bloc nerveux périphé-
rique7 al idioma español, de acuerdo con los pasos meto-
dológicos recomendados en la literatura internacional8.

Método

Diseño del estudio

En el periodo comprendido entre el 1 de abril y el 
30 de septiembre de 2023 se realizó un proceso de 

traducción y adaptación cultural, así como de valida-
ción, de un cuestionario de satisfacción en una serie 
de casos en el Hospital Ángeles Metropolitano, Ciu-
dad de México, México. El proyecto fue aprobado el 
29 de marzo de 2023 por el Comité de Investigación 
y Ética del Hospital Ángeles Metropolitano, y los pro-
cedimientos se realizaron de acuerdo con las normas 
de las buenas prácticas clínicas. Todos los participan-
tes firmaron carta de consentimiento informado.

Selección de los participantes

Para la fase de adaptación cultural se incluyeron 20 
individuos de ambos sexos y con dominio del idioma 
español que acudieron a consulta médica al Hospital 
Ángeles Metropolitano.

Para la fase de estimación de la fiabilidad del cues-
tionario en español se incluyeron otros 20 individuos 
de ambos sexos, con dominio del idioma español, en 
estado físico I a III de acuerdo con la clasificación de 
la American Society of Anesthesiologists9, programa-
dos para cirugía ortopédica electiva bajo anestesia 
regional consistente en BNP ecoguiado, con o sin 
bloqueo subaracnoideo. Se excluyeron los casos con 
enfermedad psiquiátrica, depresión mayor, demencia, 
enfermedad neurológica que alterara la memoria, 
enfermedad de Parkinson, espectro autista, hepato-
patías, nefropatías, alcoholismo crónico, toxicoma-
nías, uso crónico de benzodiacepinas por cualquier 
causa, o premedicación anestésica con benzodiace-
pinas en las 24 horas previas al procedimiento.

Preparación del grupo de investigación

Se integró un grupo de investigación multidisciplinario 
conformado por tres médicos especialistas en aneste-
siología (uno de ellos con alta especialidad en aneste-
sia regional y maestría y doctorado en ciencias 
médicas), un médico especialista en genética con 
maestría y doctorado en ciencias médicas, un médico 
residente de la especialidad en anestesiología, un 
médico cirujano bilingüe francés-español (lengua nativa 
francés) y un médico interno de pregrado. Un miembro 
del grupo de investigación envió por correo electrónico 

Conclusions: The questionnaire translated and culturally adapted to Spanish in Mexico is a valid, reliable, simple, and easy-
to-use tool to evaluate the satisfaction of patients undergoing regional anesthesia.

Keywords: Satisfaction. Regional anesthesia. Nerve block. Questionnaire.
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al autor correspondiente y otros autores del artículo en 
el que se publicó el cuestionario original la invitación 
para participar en la traducción, la adaptación y la vali-
dación del cuestionario al idioma español, pero no fue 
posible establecer contacto con ninguno de ellos.

Cuestionario

La traducción, la adaptación cultural y la validación del 
cuestionario se efectuaron mediante el método estructu-
rado sugerido por el Quality of Life Special Interest 
Group (QoL-SIG)  -  Translation and Cultural Adaptation 
Group (TCA Group)10, y siguiendo las recomendaciones 
efectuadas por autores expertos en la materia11-13.

Se utilizó el cuestionario de Evaluation de la satisfac-
tion des patients ayant bénéficié d’une anesthésie 
locorégionale par bloc nerveux périphérique, elaborado 
en Francia con una cohorte de 181 pacientes de trau-
matología y ortopedia operados bajo BNP14 y luego 
validado formalmente con otro grupo de pacientes 
sometidos a cirugía bajo BNP. El cuestionario incluye 
tres cuestionarios pequeños con preguntas sobre la 
calidad de la información proporcionada por el aneste-
siólogo al paciente sobre el BNP, el dolor y la ansiedad 
percibidos por el paciente durante el procedimiento, y 
la satisfacción global al final del procedimiento. El pri-
mer cuestionario consta de cinco preguntas, se realiza 
por el anestesiólogo el día 0 y consiste en dos etapas: 
antes (tres preguntas) y después de la cirugía (una 
pregunta en el quirófano al finalizar la intervención y 
una pregunta al egresar de la sala de recuperación). El 
segundo cuestionario se realiza el día 1, es decir, al día 
siguiente de la cirugía. El tercer y último cuestionario 
se puede aplicar hasta una semana después de la 
cirugía. Los dos últimos cuestionarios los realiza un 
entrevistador externo que habitualmente formula las 
preguntas a los pacientes por teléfono. En el primer 
cuestionario, la respuesta a la primera pregunta sobre 
el estado de relajación se responde en una escala de 
0 al 10, siendo 0 la menor calificación posible y 10 la 
mayor calificación posible. La respuesta a las cuatro 
preguntas restantes es señalada por el paciente en una 
escala visual análoga, siendo 0 ausencia de dolor y 10 
el peor dolor que ha experimentado en su vida.

En el segundo y el tercer cuestionarios, las respues-
tas son dicotómicas (sí o no), con excepción de una 
pregunta sobre satisfacción global en los cuestionarios 
2 y 3, la cual es calificada mediante una escala de 
Likert con cuatro niveles: muy satisfecho, satisfecho, 
parcialmente satisfecho y no satisfecho. Por último, el 
tercer cuestionario incluye una pregunta de respuesta 

abierta en la que el paciente puede expresar los moti-
vos por los que no le gustaría volver a recibir un BNP.

Traducción

La traducción del cuestionario original en francés 
(v0) al idioma español fue efectuada por dos traduc-
tores independientes, trabajadores en el ámbito de la 
salud y de la investigación, cuya lengua nativa es el 
español. Ambas versiones en español (v1 y v2) fueron 
unificadas por los integrantes del grupo de investiga-
ción (v3). Esta versión en español (v3) fue traducida 
de nuevo al idioma original por dos traductores inde-
pendientes (v4 y v5) que no conocían la versión ori-
ginal del cuestionario, cuya lengua nativa es el 
francés. Todas las traducciones (v0-v5) fueron revi-
sadas por el grupo de investigación, las dudas fueron 
consultadas con los traductores para garantizar la 
equivalencia conceptual y se elaboró una versión pre-
final del cuestionario (v6), incluyendo la introducción, 
las instrucciones y las posibles respuestas.

Las discrepancias en el grupo de investigación fue-
ron resueltas tratando de evitar coloquialismos y bus-
cando una forma común de expresar un concepto en 
ambos idiomas (mantener la validez de contenido). El 
grupo de investigación se aseguró de que la versión 
prefinal (v6) fuera equivalente al cuestionario original 
(v0) y resultara comprensible para una persona con 
conocimientos equivalentes a una edad de 12 años8.

Preprueba

Para evaluar la calidad de la traducción y la aplica-
bilidad del cuestionario, se solicitó a 20 participantes 
que leyeran la versión prefinal (v6). Mediante una 
entrevista estructurada se les pidió comentar los 
aspectos que les resultaron difíciles de entender en 
las instrucciones, las preguntas y las opciones de 
respuesta de ambas versiones. Se realizó un informe 
con los comentarios de los participantes. El grupo de 
investigación tomó en cuenta dichos comentarios 
para concluir la adaptación cultural y elaborar la ver-
sión final (v7) del cuestionario.

Validación

Fiabilidad

La fiabilidad del cuestionario (v7) se estimó mediante 
la constancia de las respuestas obtenidas en dos 
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ocasiones de 20 pacientes programados para cirugía 
ortopédica bajo anestesia regional con BNP. La esti-
mación de la estabilidad se obtuvo mediante la téc-
nica test-retest con 15 minutos de diferencia para el 
primer cuestionario y 24 horas de diferencia para los 
cuestionarios segundo y tercero12.

Validez

Se evaluó la validez aparente y de contenido del 
cuestionario (v7) mediante una valoración empírica 
basada en juicios de diferente procedencia8:  1) los 
supuestos teóricos bajo los cuales se construyó el 
cuestionario original para medir los aspectos que 
pudieran afectar la satisfacción del paciente; 2) las 
opiniones de otros grupos de investigación sobre la 
pertinencia clínica y metodológica del cuestionario, 
mediante una búsqueda dirigida de todas las citas 
disponibles sin importar la fecha ni el idioma en 
Europe PMC y Google Scholar); 3) las opiniones de 
los 20 participantes de la preprueba; y 4) las opinio-
nes de cada uno de los integrantes de nuestro grupo 
de investigación, mediante el método Delphi15.

Análisis estadístico

Aun cuando no existen criterios para determinar el 
número ideal de participantes en el proceso de adap-
tación cultural y validación de instrumentos de medi-
ción en salud, de acuerdo con lo recomendado por 
Ortiz y Cruz en 201813 se incluyeron 20 participantes 
con dominio del idioma español para la fase de adap-
tación cultural y 20 participantes con las característi-
cas de la población en la que se pretende utilizar el 
cuestionario para la fase de estimación de la fiabili-
dad, es decir, pacientes programados para cirugía 
ortopédica bajo anestesia regional con BNP. Se efec-
tuó un muestreo no probabilístico de casos consecu-
tivos hasta completar el tamaño muestral.

Se realizó estadística descriptiva con cálculo de la 
mediana, valores mínimo y máximo, para las variables 
cuantitativas, y con frecuencias absolutas y relativas 
para las variables cualitativas.

Para valorar la fiabilidad mediante la estabilidad de 
las preguntas del primer cuestionario y de la pregunta 
de satisfacción global de los cuestionarios dos y tres, 
se calcularon el coeficiente de correlación de Spear-
man y el coeficiente de correlación intraclase, ya que 
las respuestas corresponden a la escala ordinal. 
Con excepción de la última pregunta del tercer 

cuestionario, cuya respuesta es abierta y por ende 
cualitativa, la estabilidad del resto de las preguntas 
de los cuestionarios segundo y tercero con respuesta 
dicotómica se calculó mediante el índice kappa de 
Cohen y coeficiente phi16. El análisis de los datos se 
llevó a cabo con el programa SPSS 25 para Mac 
(SPSS Inc. 2017, Chicago, IL, USA), y se estableció 
un nivel de significación estadística de p ≤ 0.05.

Resultados

La mediana y el rango intercuartilar de la edad de 
los individuos que participaron en la fase de adapta-
ción cultural y en la fase de estimación de la fiabilidad 
fue de 49 (33-65) y 45 (34-51) años, respectivamente. 
Las características generales de los participantes se 
muestran en la tabla 1.

Al evaluar la calidad de la traducción y la aplicabi-
lidad de la versión prefinal (v6) del cuestionario en 
español, los 20 participantes entrevistados coincidie-
ron en que todos los apartados de dicha versión eran 
lo suficientemente claros y fáciles de responder, 
excepto el ítem 3.7.1 del tercer cuestionario, por lo 
que el grupo de investigación, con apoyo de los tra-
ductores, efectuó un ajuste de la redacción.

Respecto a la evaluación de la validez aparente y 
de contenido, se tomaron en cuenta las opiniones de 
tres fuentes: los autores del cuestionario original, los 
autores que citaron el cuestionario original en sus 
publicaciones científicas y los miembros del grupo de 
investigación de este trabajo expertos en metodología 
de la investigación y en anestesiología.

Los autores del cuestionario original lo construye-
ron y validaron considerando diversos aspectos que 
pudieran afectar la experiencia del paciente y, por lo 
tanto, impactar en la satisfacción ante una técnica de 
anestesia regional con BNP: 1) la información y la 
calidad de las explicaciones otorgadas por el aneste-
siólogo sobre el procedimiento y el uso de analgési-
cos en casa; 2) el dolor y la ansiedad percibidos 
durante el procedimiento; 3) la presencia de dolor 
posoperatorio, la eficacia del tratamiento analgésico 
prescrito y la aparición de efectos adversos como 
náusea, vómito, trastorno del sueño o signos neuro-
lógicos (sensitivos o motores); y 4) si les gustaría 
recibir el mismo tipo de anestesia para un procedi-
miento posterior7.

En cuanto a las opiniones de otros grupos de inves-
tigación sobre la pertinencia clínica y la calidad meto-
dológica del cuestionario original, se identificaron 26 
citas al cuestionario en Europe PMC y Google 
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Tabla 1. Características de los participantes en la fase de adaptación cultural y estimación de la fiabilidad del cuestionario 

Característica Fase

Adaptación cultural Estimación de la fiabilidad

n % n %

Sexo
Femenino
Masculino

12
8

60.0
40.0

8
12

40.0
60.0

Clasificación del estado físico de la American Society of Anesthesiologists
I
II
III

2
13
5

10.0
65.0
25.0

8
10
2

40.0
50.0
10.0

Diagnóstico
Amputación de 4.º y 5.º dedos del pie
Artroscopia de cadera
Artroscopia de hombro
Artroscopia de rodilla
Cefalea
Cetoacidosis diabética
Colocación de fijadores externos en el húmero
Dengue
Dolor abdominal crónico
Gonalgia
Histerectomía
Infección de vías urinarias
Insuficiencia renal crónica
Lavado quirúrgico del pie
Lumbalgia
Neumonía adquirida en la comunidad
Osteosíntesis de radio
Pancreatitis
Picadura de alacrán
Pie diabético
Reducción abierta y fijación interna de peroné
Reducción abierta y fijación interna de falange distal 
Reducción cerrada de hombro
Reparación tendinosa
Retiro de material de osteosíntesis en tobillo
Síndrome de dolor regional complejo tipo II

0
0
0
0
2
1
0
3
1
3
0
1
1
0
3
1
0
1
1
1
0
0
0
0
0
1

0.0
0.0
0.0
0.0
10.0
5.0
0.0
15.0
5.0
15.0
0.0
5.0
5.0
0.0
15.0
5.0
0.0
5.0
5.0
5.0
0.0
0.0
0.0
0.0
0.0
5.0

1
1
3
4
0
0
1
0
0
0
1
0
0
2
0
0
1
0
0
0
1
1
1
2
1
0

5.0
5.0
15.0
20.0
0.0
0.0
5.0
0.0
0.0
0.0
5.0
0.0
0.0
10.0
0.0
0.0
5.0
0.0
0.0
0.0
5.0
5.0
5.0
10.0
5.0
0.0

Scholar, pero solo siete emitían una opinión sobre el 
contenido, el desarrollo, la validación y el uso del 
cuestionario para evaluar la satisfacción del paciente 
ante un BNP3,4,17-21 (Fig.  1). Destaca en particular la 
revisión sistemática realizada por Barnett et al.3, en 
la que se refieren al artículo donde se publicó el cues-
tionario original como el único identificado hasta el 
año 2013 en el que se utilizaron un desarrollo psico-
métrico y un proceso de evaluación para medir la 
satisfacción con anestesia regional en un contexto no 
obstétrico.

Por otro lado, los expertos en anestesiología y 
metodología de la investigación de nuestro grupo de 
investigación coincidieron en que el contenido del 
cuestionario de la versión original y de la versión tra-
ducida al español era claro y adecuado para evaluar 

los aspectos más importantes involucrados en la 
satisfacción de los pacientes sometidos a anestesia 
regional con BNP.

La distribución de las respuestas de las dos eva-
luaciones realizadas a 20 pacientes programados 
para cirugía ortopédica bajo anestesia regional con 
BNP se muestra en las tablas 2 y 3. La tasa de res-
puesta de los participantes fue del 100%. Cada 
cuestionario se aplicó en menos de 5  minutos. El 
coeficiente de correlación de Spearman e intraclase 
para las preguntas con respuesta ordinal entre las 
dos evaluaciones realizadas fue de 1 (p < 0.001) 
(Fig.  2). Las respuestas fueron constantes en las 
preguntas con respuesta dicotómica, excepto en la 
pregunta 3.1, con índice kappa y coeficiente phi de 
1 (p < 0.001).
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26 citas al cuestionario original
17 en Google Scholar

9 en Europe PMC

Documentos excluidos
10 duplicados

26 documentos con revisión
de título y resumen

Documentos excluidos
9 no evalúan la pertinencia clínica

ni la calidad metodológica
del cuestionario

16 documentos con revisión
de texto completo

El cuestionario incluye preguntas sobre la información
otorgada por el anestesiólogo al paciente (Capuzzo y
Alvisi4)

El cuestionario incluye la evaluación del dolor al colocar
el suero (Bernard et al.17)

El cuestionario fue comparado en dos instituciones
con una organización diferente (Bonnet et al.18)

El cuestionario verifica si la satisfacción se relaciona
con la disponibilidad de someterse de nuevo a un
bloqueo de nervios periféricos (Hade et al.19)

El cuestionario fue utilizado para evaluar la satisfacción
en una población diferente de la misma lengua
(Samin et al.20)

El cuestionario evalúa la satisfacción del paciente
ante un bloqueo de nervios periféricos en un
contexto no obstétrico (Schiff21)

El cuestionario fue elaborado mediante un proceso de
evaluación y desarrollo psicométrico
(Barnett et al.3)

7 documentos refieren que el
cuestionario original incluye
aspectos importantes desde

el punto de vista
clínico y metodológico

en la evaluación de
la satisfacción
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Figura 1. Citas identificadas del cuestionario Evaluation de la satisfaction des patients ayant bénéficié d’une anesthésie locorégionale par bloc 
nerveux périphérique7.

Discusión

La anestesia regional ha evolucionado en los últimos 
años con el advenimiento de la guía ultrasonográfica, 
lo que ha generado un aumento en su utilización y 
sobre todo en su fiabilidad y seguridad. Incluso se han 
desarrollado nuevos abordajes anestésicos, como los 

BNP ecoguiados, los cuales han demostrado múltiples 
beneficios y han conseguido objetivos más ambiciosos 
al individualizar los requerimientos tanto fisiológicos 
cómo psicológicos, y aportar el máximo confort a cada 
paciente. Sin embargo, son escasos los estudios sobre 
la satisfacción de los pacientes sometidos a técnicas 
de anestesia regional.
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para medir la satisfacción de los pacientes y con ello 
conocer la calidad del servicio prestado al utilizar 
técnicas de anestesia regional, ya que con frecuencia 
la satisfacción se evalúa con escalas visuales o pre-
guntas simples no estandarizadas.

El propósito de contar con instrumentos validados 
no es otro que identificar áreas de oportunidad que 
permitan establecer estrategias para mejorar la cali-
dad de la atención y avanzar hacia la excelencia. La 
satisfacción del paciente es uno de los objetivos, pero 
también lo es la calidad de la atención en salud22.

Los resultados de la búsqueda y el análisis crítico 
de la literatura sobre cuestionarios o instrumentos 

Dado que en el ámbito anestésico se puede consi-
derar que uno de los indicadores fundamentales de 
calidad es la satisfacción de los pacientes, es de 
suma importancia su evaluación. Si bien satisfacción 
y calidad son conceptos difíciles de definir, no es 
complicado establecer una relación entre la satisfac-
ción del paciente y la calidad del servicio prestado. 
La satisfacción es un indicador de la percepción que 
tiene el paciente de los servicios sanitarios, aunque 
esta sea personal y subjetiva22. La calidad percibida 
afecta a la satisfacción, y esta a su vez afecta al 
comportamiento23. Por lo anterior, es lógico y necesa-
rio contar con cuestionarios o instrumentos validados 

Tabla 2. Distribución de las respuestas a las preguntas del primer cuestionario 

Preguntas Primera evaluación Segunda evaluación

Mediana Mínimo Máximo Mediana Mínimo Máximo

1.1 10 8 10 10 8 10

1.2 4 2 6 4 2 6

1.3 0 0 2 0 0 2

1.4 0 0 0 0 0 0

1.5 0 0 0 0 0 0

Tabla 3. Distribución de las respuestas a las preguntas del segundo y del tercer cuestionarios 

Preguntas Primera evaluación Segunda evaluación

n % n %

Segundo cuestionario
2.1
2.1.1
2.2
2.3
2.4
2.5
2.6
2.6.1
2.7

Sí
Sí
Sí
Sí
Sí
Sí
Sí
Sí
Muy satisfecho

20
20
20
20
20
20
20
20
20

100
100
100
100
100
100
100
100
100

20
20
20
20
20
20
20
20
20

100
100
100
100
100
100
100
100
100

Tercer cuestionario
3.1

3.2
3.3
3.4
3.5
3.6
3.7
3.7.1
3.8
3.9

No
Sí
Sí
No
No
No
No
No
No
Muy satisfecho
Sí

9
11
20
20
20
20
20
20
20
20
20

45
55
100
100
100
100
100
100
100
100
100

9
11
20
20
20
20
20
20
20
20
20

45
55
100
100
100
100
100
100
100
100
100



Cirugía y Cirujanos. 2026;94(2)

164

para conocer la satisfacción de los pacientes tras la 
anestesia regional muestran una cantidad muy redu-
cida de trabajos específicos, en los cuales, además, 
se emplean instrumentos no diseñados específica-
mente para tal fin, o bien no se han evaluado su vali-
dez y fiabilidad.

Hasta donde tenemos conocimiento, en el idioma 
español no se cuenta con un cuestionario o instru-
mento diseñado y validado para evaluar concreta-
mente la satisfacción del paciente con el uso de 
técnicas de anestesia regional, por lo que suelen 
consultarse y utilizarse cuestionarios publicados en 
otros idiomas y con otros contextos culturales.

El uso de un cuestionario de satisfacción en un 
idioma y un contexto cultural diferentes de aquellos 
en los que fue desarrollado no puede llevarse a cabo 
mediante la simple traducción del cuestionario. Se 
requiere un proceso sistemático y estandarizado de 
adaptación cultural y validación en la población en la 
cual será aplicado, ya que las opiniones de los indi-
viduos pueden estar influidas por el ámbito en el que 
se encuentran, la información, la impresión, la visión 
o las expectativas de la enfermedad y su tratamiento, 
la escolaridad, el lenguaje y la cultura24.

De esta manera, consideramos importante la tra-
ducción y la adaptación cultural al español en México 
del cuestionario de Evaluation de la satisfaction des 
patients ayant bénéficié d’une anesthésie locorégio-
nale par bloc nerveux périphérique7, un instrumento 
validado en francés que consta de tres cuestionarios 
para evaluar la percepción pre-, trans- y posoperato-
ria del paciente que recibe anestesia regional.

El cuestionario aborda en forma global la satisfac-
ción del paciente ante el proceso anestésico, ya que 

va más allá de la sala de quirófano y aporta una visión 
más integral. El primer cuestionario evalúa la ansie-
dad que puede experimentar el paciente antes del 
bloqueo; la intensidad del dolor durante la punción 
para la venoclisis, que puede llegar a ser una expe-
riencia muy desagradable para los pacientes; la inten-
sidad del dolor durante la punción cuando se coloca 
el BNP, que puede minimizarse con sedoanalgesia; y 
la intensidad del dolor durante y al final de la cirugía, 
el cual puede ser producto de un bloqueo incompleto. 
Posteriormente, el segundo cuestionario evalúa la 
satisfacción del paciente sobre la información y la 
explicación otorgadas al obtener su consentimiento, 
durante la realización del procedimiento y al egreso 
con las indicaciones para el tratamiento del dolor, 
pues se ha demostrado que otorgar información per-
tinente y explicar al paciente los procedimientos 
puede reducir de manera importante la ansiedad per-
cibida25. Por último, el tercer cuestionario evalúa la 
intensidad del dolor al estar el paciente en su domi-
cilio, los posibles efectos adversos y de nuevo la 
satisfacción respecto al procedimiento de anestesia 
regional que recibió.

La traducción del cuestionario en francés al idioma 
español trató de mantener en todo momento la mayor 
similitud posible con la versión original y no conllevó 
dificultades importantes. Las palabras de la mayoría 
de las preguntas y las posibles respuestas tenían 
equivalentes en ambos idiomas. Las diferencias de 
opinión del grupo de investigación sobre el uso de 
algunos términos se resolvieron por consenso.

La sencilla aplicación del cuestionario quedó de 
manifiesto cuando se realizó la preprueba en pacien-
tes hospitalizados (quirúrgicos y no quirúrgicos), pues 
realizar cada cuestionario llevó menos de 5 minutos 
y todas las preguntas y respuestas fueron compren-
sibles para los encuestados, aunque se pudo realizar 
ajustes mínimos a las preguntas sin sacrificar la fun-
cionalidad psicométrica.

Consideramos que la traducción y la adaptación 
cultural de un cuestionario ya existente en otro idioma 
proporciona un instrumento estandarizado en idioma 
español en México y en otros países con similar cul-
tura, que puede ser utilizado para la realización de 
estudios sobre la satisfacción de los pacientes cuando 
reciben anestesia regional. Dada la diversidad cultural 
e incluso socioeconómica de los países de habla his-
pana, el cuestionario que presentamos (Material 
Suplementario 1) puede requerir adaptaciones poste-
riores. Sin embargo, este trabajo es el inicio de un 
proceso para la obtención de un instrumento que 

Figura  2. Coeficiente de correlación de Spearman (rho = 1, 
p < 0.001) para las preguntas con respuesta ordinal mediante la 
técnica test-retest.
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pueda ser utilizado en otros países con diferente cul-
tura o idioma, lo que permitirá tener resultados equi-
valentes y comparables de la percepción de 
satisfacción del paciente sometido a anestesia regio-
nal, e indirectamente de la calidad en la atención, y 
establecer estrategias para mejorarla.

Conclusiones

El cuestionario de satisfacción del paciente des-
pués de recibir anestesia por bloqueo regional de 
Montenegro et al.7, traducido y adaptado cultural-
mente al español en México, es una herramienta 
válida, fiable, sencilla y fácil de utilizar para evaluar 
la satisfacción de los pacientes sometidos a anestesia 
regional, con posibilidades de ser utilizado no solo en 
la práctica clínica sino también con fines de investi-
gación clínica y epidemiológica. Es necesario conti-
nuar la adaptación cultural del cuestionario en otros 
países de habla hispana o en otros idiomas con la 
finalidad de obtener un instrumento válido que otor-
gue resultados equivalentes y comparables de la 
satisfacción de los pacientes sometidos a anestesia 
regional.

Financiamiento

Los autores declaran no haber recibido financia-
miento para este estudio.

Conflicto de intereses

Los autores declaran no tener conflicto de 
intereses.

Consideraciones éticas

Protección de personas y animales. Los autores 
declaran que los procedimientos seguidos se confor-
maron a las normas éticas del comité de experimen-
tación humana responsable y de acuerdo con la 
Asociación Médica Mundial y la Declaración de 
Helsinki.

Confidencialidad, consentimiento informado y 
aprobación ética. Los autores han seguido los pro-
tocolos de su centro sanitario/institución para acce-
der a los datos de las historias clínicas. Se ha 
obtenido el consentimiento informado de los pacien-
tes y se cuenta con la aprobación del Comité de 
Ética. Se han seguido las recomendaciones de las 
guías SAGER.

Declaración sobre el uso de inteligencia artifi‑
cial. Los autores declaran que no se utilizó ningún 
tipo de inteligencia artificial generativa para la redac-
ción ni la creación de contenido de este manuscrito.

Material suplementario

El material suplementario se encuentra disponible 
en DOI: 10.24875/CIRU.240000841. Este material es 
provisto por el autor de correspondencia y publicado 
online para el beneficio del lector. El contenido del 
material suplementario es responsabilidad única de 
los autores.
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Clinical and ultrasonographic effectiveness of transfer energy 
capacitive and resistive therapy in lateral epicondylitis:  
a randomized controlled study
Eficacia clínica y ecográfica de la terapia TECAR en la epicondilitis lateral:  
un estudio controlado aleatorizado

Yasemin Tombak1* , Ozgur Z. Karaahmet1 , Cigdem Zaman2 , Fatma Cerci2 , Ece Unlu-Akyuz1 ,  
and Eda Gurcay3
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Abstract

Objectives: To assess the clinical and ultrasonographic effectiveness of transfer energy capacitive and resistive (TECAR) 
therapy in managing lateral epicondylitis (LE). Method: Forty-seven patients with clinically and sonographically confirmed 
unilateral LE were randomized into two groups. The control group received exercise and LE banding for 3 weeks. The TECAR 
group received the same treatment, plus TECAR therapy 3 times weekly (nine sessions). Outcomes were evaluated using the 
patient-rated tennis elbow evaluation (PRTEE) as the primary measure. Secondary outcomes included Visual Analog Scale 
(VAS) scores, handgrip strength (HGS), common extensor tendon (CET) thickness, and total ultrasonography scale score 
(TUSS). Assessments were made at baseline and post-treatment. Results: Both groups demonstrated significant improvements 
in elbow VAS-rest, VAS-night, VAS for activities of daily living (VAS-ADL), forearm VAS-night, VAS-ADL, arm VAS-ADL, lateral 
epicondyle tenderness-VAS, HGS, TUSS, hypoechogenicity, and PRTEE scores after treatment compared to baseline. 
Treatment did not significantly improve either group’s forearm VAS-rest, CET thickness, neovascularity, heterogeneity, or bone 
abnormality. Change in elbow VAS-ADL was found to be statistically significantly better in the TECAR group. 
Conclusions: TECAR therapy, when combined with conventional treatment, led to greater improvement in ADL-related pain 
and may be particularly beneficial for active individuals requiring faster symptom relief.

Keywords: Lateral epicondylitis. Transfer energy capacitive and resistive. Tennis elbow. Ultrasonography.

Resumen

Objetivo: Evaluar la eficacia clínica y ecográfica de la terapia de transferencia de energía capacitiva y resistiva (TECAR, 
transfer energy capacitive and resistive) en el manejo de la epicondilitis lateral (EL). Método: Cuarenta y siete pacientes con 
diagnóstico clínico y ecográfico de EL unilateral fueron asignados aleatoriamente a dos grupos. El grupo control recibió ejer-
cicios y una banda para epicondilitis lateral durante 3 semanas. El grupo TECAR recibió el mismo tratamiento y además 
terapia TECAR tres veces por semana (nueve sesiones en total). La medida principal fue la puntuación del cuestionario PRTEE 
(Patient-Rated Tennis Elbow Evaluation). Las medidas secundarias incluyeron escala analógica visual (EVA), fuerza de pren-
sión manual (FPM), grosor del tendón extensor común (TEC) y puntuación total de la escala ecográfica (TUSS, Total Ultra-
sonography Scale Score). Las evaluaciones se realizaron antes del inicio y después del tratamiento. Resultados: Ambos 
grupos mostraron mejoras significativas en la EVA de codo en reposo, por la noche y durante las actividades diarias, así como 
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Introduction

A prevalent musculotendinous degenerative condi-
tion of the extensor origin in the lateral humeral epi-
condyle is called lateral epicondylitis (LE)1. Men and 
women are equally affected by LE, which has been 
reported to have a prevalence in the general popula-
tion of 1-3% in adults2-4. LE is most common with the 
highest incidence taking place between the ages of 
45 and 54; those in occupations that require intensive 
manual labor or who use vibrating tools may be at 
higher risk4,5. Repetitive supination and pronation dur-
ing heavy work or manual labor, household chores, 
and hobbies are considered the most important caus-
ative factors6,7.

The LE primarily involves the tendinous attachment 
of the extensor carpi radialis brevis muscle. Other 
muscles that may also be affected include the exten-
sor digitorum communis, extensor digiti minimi, and 
extensor carpi ulnaris. These muscles have a com-
mon attachment known as the common extensor ori-
gin, also referred to as the common extensor tendon 
(CET), which is essential for extension of the wrist and 
fingers and contributes to forearm supination8,9.

Although not life-threatening or severely disabling, 
LE can significantly impact daily functioning10. Primary 
treatment approaches include physical therapy, activ-
ity modification, non-steroidal anti-inflammatory drugs, 
and injections1.

Transfer energy capacitive and resistive (TECAR) 
therapy enhances blood flow, helps lessen activity-
induced spasms and contractions, and promotes mus-
cle oxygenation through hemoglobin activation. 
TECAR therapy improves the body’s natural ability to 
repair tissues and minimize pain11. TECAR therapy is 
a non-ablative and non-invasive form of combined 
contact diathermy and electrotherapy that enhances 
therapeutic effects in the body using high frequency 
(300 KHz-1 MHz) long radiofrequency waves without 
external radiant energy12,13.

TECAR is regarded as the most practical and 
secure diathermy technique because, in contrast to 

ultrasound, it has no restrictions on the treatment 
area and does not generate excessive heat between 
the electrode and the skin14. Both capacitive (CAP) 
and resistive (RES) modes of electrical charge trans-
fer are possible with TECAR12,13,15 CAP electrode: tis-
sues with a higher electrolytic content – such as 
muscles and soft tissues – are the sites of the reac-
tions generated by the CAP system. RES electrode: 
tissues with greater resistance, such as bones, ten-
dons, and joints, are where the RES system’s reac-
tions are concentrated. TECAR effects include 
increased microcirculation, vasodilation (oxygen-
ation), and increased core temperature.

Tranquilli et al. showed that TECAR therapy reduces 
pain in acute and chronic cases16. The beneficial 
effects of TECAR therapy are immediately noticeable: 
in fact, a single session is enough to see its therapeu-
tic effectiveness13.

There are studies on rest, education, splint use, 
various physical therapy modalities (short-wave dia-
thermy, extracorporeal shock wave therapy [ESWT], 
therapeutic ultrasound), and injection treatments in 
LE17-20. TECAR is often used in traumatology and 
sports for the treatment of muscle, joint, and tendon 
injuries21-23. There is no standard protocol for the 
treatment of tennis elbow, and there is insufficient 
evidence regarding the effectiveness of recom-
mended conservative treatments. No study on the 
use of TECAR treatment in LE was found in the 
literature.

In our study, we aimed to evaluate the effectiveness 
of TECAR therapy in the treatment of LE clinically and 
ultrasonographically.

Method

Study design and setting

This prospective, randomized, controlled study was 
conducted in accordance with the principles of the 
Declaration of Helsinki and received approval from the 

en la EVA de antebrazo y brazo, la sensibilidad del epicóndilo lateral, la FPM, la TUSS, la hipoecogenicidad y la PRTEE. No 
hubo mejoras significativas en la EVA de antebrazo en reposo, el grosor del TEC, la neovascularización, la heterogeneidad 
ni las anormalidades óseas. La mejoría de la EVA para actividades del codo fue significativamente mayor en el grupo TECAR. 
Conclusiones: La terapia TECAR, combinada con el tratamiento convencional, mejora más el dolor durante las actividades 
diarias y puede ser especialmente útil para personas activas que requieren un alivio sintomático rápido.

Palabras clave: Epicondilitis lateral. TECAR. Codo de tenista. Ultrasonografía.
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local institutional review board (Protocol No. 
AEŞH-EK-2025-082, dated March 19, 2025).

Forty-seven patients were diagnosed with LE based 
on clinical and ultrasonographic findings and sought 
treatment at the physical medicine and rehabilitation 
(PMR) outpatient clinic of the local institute.

Participants

Potential participants were first evaluated by one of 
the study’s researchers to see if they satisfied the 
predefined inclusion criteria, and the results were then 
shared with the main researcher. Potential partici-
pants were shown the study, and those who satisfied 
the inclusion requirements and consented to take part 
were asked to sign a written informed consent form.

Participants’ demographic data, comorbidities, 
duration of symptoms, dominant side, and affected 
side were recorded.

Physical examination demonstrated a particular 
area of the most tenderness, normal range of motion, 
reduced handgrip strength (HGS), and positive Maud-
sley and Cozen tests24.

In addition, manual strength testing of the elbow and 
finger extensors was normal, and posterolateral elbow 
instability testing was negative.

In addition, elbow radiographs were evaluated for 
all participants to exclude degenerative changes and 
osteochondritis dissecans. Inclusion criteria for the 
study were as follows: age between 18 and 65 years, 
lateral elbow pain with localized tenderness, at least 
two positive specific LE diagnostic tests and ultraso-
nographic findings (change in CET thickness com-
pared to the normal side and total ultrasound scale 
score [TUSS] parameters of grade  1 or higher), 
patients with complaints for at least 3 months, agree 
to participate in the study.

Among the exclusion criteria were the presence of 
LE in the contralateral extremity, history of physical 
therapy or injections for LE within the last 3 months, 
previous elbow surgery or elbow fracture, upper 
extremity neuropathy or radiculopathy, presence of 
concomitant neurological, rheumatic, psychiatric, or 
malignant conditions, inability to comply with study 
requirements, or contraindications in TECAR25-27.

Randomization

The study included 60  patients who met the pre-
defined inclusion and exclusion criteria and were then 

randomly allocated to one of the groups: TECAR 
group (n = 30), control group (n = 30). Block random-
ization was used to ensure equal group sizes. To 
minimize potential bias, randomization was performed 
by an independent investigator who was not involved 
in the study.

Intervention procedure

Thirteen of the 60 enrolled patients dropped out of 
their assigned treatment or were lost to follow-up. As 
a result, our analysis included 47  patients as 
follows:

−	 Group 1: TECAR group (n = 23 patients) received 
three TECAR sessions per week for a duration of 
3  weeks, in addition to a traditional home exer-
cise program consisting of stretching and stren-
gthening performed 5 days/week over the same 
period

−	 Group  2: The control group (n = 24) followed a 
traditional home exercise program 5  days/week 
for 3 weeks.

At the beginning of the treatment, the traditional 
home exercise program was explained to the 
patients by a professional physiotherapist and also 
presented in the form of an elbow and wrist exercise 
brochure. Patients were instructed to do 15  min of 
stretching and strengthening exercises within their 
personal strength and pain limits. The patients’ 
compliance was regularly checked with weekly 
phone calls.

Both groups were given LE bands. In addition, all 
patients were told about the activities to be avoided.

Outcome measures

The patient-rated tennis elbow evaluation 
(PRTEE) was the main outcome measure. 
Secondary outcome measures included Visual 
Analog Scale (VAS) for pain, HGS by dynamometry, 
and ultrasonographic CET thickness in the capitellar 
region and TUSS.

Ultrasonography assessments were performed 
using a GE Logiq P9 US device with a 7-15 MHz 
linear transducer, operated by a PMR specialist 
experienced in musculoskeletal US. Measurements 
were made with the participant in a sitting position 
with the elbow flexed to 90°, the forearm pronated, 
and the arm supported on a pillow. All assessments 
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were performed bilaterally to allow comparison of 
ultrasound images.

The attachment of normal extensors has a typical 
filamentous echostructure, moderate echogenicity, 
and uniform thickness10.

The PRTEE questionnaire was used to assess the 
pain intensity and functional status of the participants, 
and these were measured separately with the two 
subsections of the tool (pain-function)28,29.

Ultrasonography evaluations measured CET thick-
ness and TUSS parameters. CET was performed from 
the capitellar region (Fig. 1)30-32.

Other parameters were evaluated according to the 
criteria in TUSS (Table 1)17,33.

In addition, radial nerve edema was assessed with 
the US as present/absent.

An ultrasonography scan was performed by an 
independent physician who was unaware of the 
patient’s clinic and the study group.

VAS was used to separately assess the participant’s 
pain at rest (VAS-rest), at night (VAS-night), and dur-
ing activities of daily living (VAS-ADL). 0 means: no 
pain, and 10 means: unbearable pain34. VAS pain 
scores were evaluated separately for the elbow, fore-
arm, and arm. VAS was also used to assess lateral 
epicondyle tenderness.

A digital hand dynamometer (JAMAR) was used to 
evaluate HGS35.

Measurements were made with the participant sit-
ting, shoulder adduction, elbow 90° flexion, and fore-
arm in a position between supination and pronation. 
Each measurement was recorded 3 times in kilogram-
force, and the mean value was calculated. The par-
ticipant was allowed to rest for 1  min between each 
measurement.

All measurements were recorded both at baseline 
(before the initiation of the interventions) and at the 
end of the 3-week intervention period. The evaluations 
were performed by the same physician who was blind 
to the participating groups. Patients’ post-treatment 
satisfaction was rated according to the criteria by Ver-
haar et al.36 (Table 2).

TECAR method

The patients in the TECAR group received TECAR 
treatment at a frequency of 0.5 MHz, using the BTL-
6000 TR-Therapy Pro®, UK device, 3 days a week, for 
3  weeks, for a total of 9 sessions, 5  min CAP and 
10 min RES.

The study group underwent a protocol consisting of 
nine intermittent (3  times/week) TECAR applications 
over 15 min on the extensor muscle and CET (5 min 
of CAP mode TECAR followed by 10 min of RES mode 
TECAR). (Fig. 2) During the treatment, patients did not 
experience side effects such as skin redness or 
burning.

Figure 1. Longitudinal US imaging obtained over the capitellar region 
demonstrates the upper and lower borders of the common exten-
sor tendon and the location where it was measured (arrowheads). 
R: radial head; CET: common extensor tendon; LE: lateral epicondyle.

Table 1. Total ultrasound scale scoring system

Characteristic Grade Grading criteria Maximum 
score

Hypoechogenicity 0 Normal fibrillar and 
hypoechoic structure

3

1 Hypoechoic lesions affecting 
< 30% of the whole tendon

2 Hypoechoic lesions affecting 
> 30% and < 50% of the 
whole tendon

3 Single large or multiple 
hypoechoic lesions affecting 
> 50% of the whole tendon

Neovascularity 0 No detectable neovascularity 3

1 Neovascularity detected in 
< 30% of the whole tendon

2 Neovascularity detected 
in > 30% but < 50% of the 
whole tendon

3 Neovascularity detected in 
> 50% of the whole tendon

Heterogeneity 0 Absence 1

1 Presence

Bone abnormality 0 Absence 1

1 Presence

Total US scale 
score

8
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Sample size calculation

Sample size calculations were based on data from 
the previous study by Babaei-Ghazani et al.19 The 
number of participants was calculated using the mean 
and standard deviation (SD) of grip strength of 15.2 
and 2.3, respectively, with 90% power and 1% signifi-
cance. Finally, we decided that at least 22 participants 
would be allocated to each group.

Data availability

The authors confirm that the data supporting the 
findings of this study are available within the article. 
The data associated with the paper are not publicly 
available but are available from the corresponding 
author on reasonable request.

Statistical analysis

The Statistical Package for the Social Sciences 
(SPSS) statistical software (SPSS for Windows, SPSS, 
IBM Corp., Armonk, NY, USA) was used to analyze the 
data. The Shapiro-Wilk test was used to examine the 
conformity of continuous variables to normal distribu-
tion. Descriptive statistics were shown as mean (SD) 

or median (minimum-maximum) for continuous vari-
ables, frequency (n) and percentage (%) for nominal 
and categorical variables. The t-test was used for nor-
mally distributed continuous variables, and the Mann-
Whitney U test was used for variables that were not 
normally distributed. Comparisons for nominal and cat-
egorical variables were investigated with the χ2 test. 
Repeated measurements within groups were evaluated 
with the Wilcoxon test or t-test. A value of < 0.05 was 
considered statistically significant.

Results

The flow diagram of patient enrollment, allocation, 
follow-up, and analysis is shown in figure  3. The first 
participant enrolled in the study had their measure-
ments in April 2025, and the last participant had their 
measurements on May 31, 2025. Of the 72  patients 
diagnosed with LE, 12 did not meet the inclusion crite-
ria. The remaining 60 participants were randomized into 
two groups, with 30 participants in each group. Thirteen 
did not participate in the control assessments. There-
fore, their measurements were not included in the sta-
tistical analysis.

Demographic and clinical data of the groups are 
summarized in table 3.

There was no difference between the groups in 
terms of age, gender, body mass index, education 
status, occupation, comorbidity, affected side, 
dominant side, duration of symptoms, presence of 
radial nerve edema, and Verhaar treatment outcome.

Table 4 presents the pre- and post-treatment results 
of clinical and sonographic parameters within and 

Table 2. Scoring system for the results of treatment based on the 
criteria by Verhaar et al.36

Grade Criteria

Excellent – �Complete relief of pain on the lateral epicondyle
– Patient satisfied with the result of treatment
– No subjective loss of grip strength
– No pain provoked by resisted dorsiflexion of the wrist.

Good – �Occasional slight pain on the lateral epicondyle after 
strenuous activities

− Patient satisfied with the result of treatment
− No or slight subjective loss of grip strength
− No pain provoked by resisted dorsiflexion of the wrist

Fair − �Discomfort on the lateral epicondyle after strenuous 
activities, but at a more tolerable level than before treatment

− �Patient satisfied or moderately satisfied with the result of 
treatment

− Slight or moderate subjective loss of grip strength
−� Slight or moderate pain provoked by resisted 

dorsiflexion of the wrist.

Poor − �No decrease of pain on the lateral epicondyle
− Patient dissatisfied with the result of treatment
− Severe subjective loss of grip strength
− Severe pain provoked by resisted dorsiflexion of the wrist.

Figure 2. Transfer energy capacitive and resistive therapy application 
in the treatment of lateral epicondylitis.
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between groups. According to the baseline values, both 
groups were homogeneous, but elbow VAS-ADL was 
worse in the TECAR group. Both groups showed statisti-
cally significant improvements after treatment compared 
to pre-treatment in elbow VAS-rest, elbow VAS-night, 
elbow VAS-ADL, forearm VAS-night, forearm VAS-ADL, 
arm VAS-ADL, lateral epicondyle tenderness-VAS, 
HGS, TUSS, hypoechogenicity, PRTEE-pain-function, 
and total. The control group showed significant improve-
ment after treatment in arm VAS-night.

No significant improvement was achieved in forearm 
VAS-rest, CET thickness, neovascularity, 
heterogeneity, and bone abnormality with treatment in 
both groups.

Table  5 shows the comparison of changes (Δ) in 
clinical and sonographic parameters between the two 
groups before (T0) and after (T1).

The change in elbow VAS-ADL was found to be 
statistically significantly better in the TECAR group 
than in the control group.

No side effects or complications were observed dur-
ing and after treatment.

Discussion

In this study, in which the effectiveness of TECAR 
therapy in LE was investigated clinically and sono-
graphically, we demonstrated the clinical benefit of 
exercise therapy with or without TECAR. We found that 
TECAR showed a significant difference in terms of 
improvement in the elbow VAS ADL when compared 
to the control group, despite the higher initial values.

There was no difference between the groups in the 
parameters that did and did not change with treatment 

Figure 3. Flow diagram of patient enrollment, allocation, follow-up, and analysis.
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in the sonographic findings. In our study, significant 
improvement was achieved in both groups in PRTEE, 
which was our primary outcome. During ADL, elbow, 
forearm, and arm VAS values decreased significantly 
in both groups. Although arm VAS improved in both 
groups during rest, it was not significant because the 
initial pain level was not high. Significant improvement 

was achieved in both groups in all regions of the 
elbow, forearm, and arm during ADL, where patients 
had more complaints.

In the study by Murat et al., significant improvement 
was shown in both PRTEE and elbow VAS levels 
compared to the baseline in both the control and treat-
ment groups37.

Apart from a poster presentation, no published 
study on TECAR therapy in LE was found in the litera-
ture. Kaux et al., in their study with 3-  and 6-month 
evaluations of 17  patients with chronic lateral elbow 
tendinopathy, could not show the superiority of TECAR 
therapy over exercise in terms of pain and functional-
ity38. We think that the small number of patients and 
the lack of acute period results are limitations of this 
study.

The addition of TECAR treatment results in a rapid 
improvement in the acute inflammatory process and 
return of muscle strength compared to other combina-
tion treatments39. We believe that the result we 
obtained in the early post-treatment period in elbow 
pain is due to the effect of TECAR.

Konarski and Pobozy almost never observed 
increased vascularity with US, except in patients with 
spondyloarthritis10. We also found neovascularity in 
very few patients.

Clark and Ahmad stated that tendon thickness mea-
sured by ultrasonography may not correlate with the 
patient’s clinical condition40. In our results, there was 
no change in CET thickness, but clinical improvement 
was detected. This result was the same in both 
groups. The initial elbow VAS-ADL values of the 
TECAR group were significantly higher than the 
control group. On the other hand, there was no 
significant difference between the two groups in terms 
of initial CET thickness.

Songur et al. showed improvement in CET thick-
ness, TUSS, and hypoechogenicity levels in the capi-
tellar region in groups using lateral epicondylitis bands 
and wrist extensor splint17. We did not find a significant 
improvement in CET thickness in the capitellar region 
in either group. We found significant improvement in 
TUSS and hypoechogenicity scores in both groups.

Murat et al. randomized 42 patients into two groups 
and applied ESWT and sham ESWT. They evaluated 
the patients after treatment and 1 month after the end 
of treatment. They found a significant decrease in 
CET thickness in the ESWT group at both times37. We 
could not show such a tendon thickness reduction 
with TECAR. If there were an ESWT group in our 
study, then we could have reached clearer results for 

Table 3. Demographic and clinical characteristics of patients

Characteristics TECAR group 
(n = 23)

Control group 
(n = 24)

p

Age years, mean (SD) 43.95 (8.7) 44.1 (10.2) 0.940

Gender, n (%)
Female
Male

11 (47.8)
12 (52.2)

15 (62.5)
9 (37.5)

0.385

BMI 28.03 (5.57) 27.66 (5.37) 0.817

Education level, n (%)
Illiterate
Literate
Primary school
Secondary school
High school
Associate degree
Bachelor’s degree

0 (0)
1 (4.3)

7 (30.4)
0 (0)

8 (34.8)
0 (0)

7 (30.4)

2 (8.3)
1 (4.2)

8 (33.3)
2 (8.3)
2 (8.3)

4 (16.7)
5 (20.8)

0.062

Occupation
Housewife
Worker
Civil servant
Retired

9 (39.1)
8 (34.8)
5 (21.7)
1 (4.3)

10 (41.7)
6 (25)
6 (25)
2 (8.3)

0.863

Comorbidity, n (%)
HT
DM
CAD
HL
Hypothyroidism
Asthma

1 (4.3)
1 (4.3)
1 (4.3)
1 (4.3)
2 (8.7)
1 (4.3)

3 (12.5)
3 (12.5)

0 (0)
3 (12.5)
2 (8.3)
1 (4.2)

0.317
0.317
0.302
0.317
0.965
0.975

Dominant side, n (%)
Right
Left

22 (95.7)
1 (4.3)

24 (100)
0 (0)

0.302

Affected side, n (%)
Right
Left

14 (60.9)
9 (39.1)

13 (54.2)
11 (45.8)

0.642

Symptom duration 
*months, median 
(min‑max)

3 (3‑12) 3 (3‑12) 0.701

Radial nerve edema 4 (17.4) 3 (12.5) 0.638

Veerhar treatment 
response, n (%)

Excellent
Good
Fair
Poor

6 (26.1)
10 (43.5)
7 (30.4)

0 (0)

4 (16.7)
7 (29.2)
8 (33.3)
5 (20.8)

0.113

*Mann-Whitney test, other Student t‑test.
TECAR: transfer energy capacitive and resistive; BMI: body mass index; HT: hypertension; 
DM: diabetes mellitus; CAD: coronary artery disease; HL: hyperlipidemia.
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Table 4. Comparison of clinical and sonographic parameters within and between groups before (T0) and after treatment (T1)

Parameters Groups T0 T1 p

Elbow VAS‑rest TECAR 3.26 (3.44) 1.826 (2.309) 0.005

Control 2.75 (2.862) 1.291 (1.921) 0.003

p 0.582 0.392

Elbow VAS‑night TECAR 4.69 (3.94) 1.521 (2.212) 0.000

Control 3.916 (3.174) 1.75 (2.471) 0.001

p 0.459 0.741

Elbow VAS‑ADL TECAR 8.69 (1.29) 3.521 (2.643) 0.000

Control 7.5 (1.769) 4.0417 (2.773) 0.000

p 0.012 0.514

Forearm VAS‑rest TECAR 1.739 (3.092) 0.739 (1.572) 0.067

Control 1.33 (2.639) 0.583 (1.471) 0.05

p 0.630 0.727

Forearm VAS‑night TECAR 2 (3.477) 0.826 (1.922) 0.033

Control 2.08 (3.28) 0.875 (2.006) 0.01

p 0.933 0.932

Forearm VAS‑ADL TECAR 3.913 (3.93) 1.56 (2.71) 0.002

Control 3.75 (3.95) 2.08 (2.701) 0.002

p 0.888 0.515

Arm VAS‑rest TECAR 0.956 (2.549) 0.087 (0.417) 0.086

Control 1.083 (2.301) 0.541 (1.614) 0.073

p 0.859 0.197

Arm VAS‑night TECAR 1.478 (3.409) 0.304 (1.019) 0.053

Control 1.833 (3.198) 0.708 (1.944) 0.022

p 0.714 0.380

Arm VAS‑ADL TECAR 2.956 (3.948) 0.521 (1.162) 0.002

Control 3 (3.718) 1.416 (2.375) 0.009

p 0.969 0.110

Lateral epicondyle tenderness VAS TECAR 8.608 (1.588) 3.304 (2.754) 0.000

Control 8.041 (2.095) 3.66 (3.059) 0.000

p 0.303 0.672

HGS TECAR 21.521 (9.217) 27.817 (12.191) 0.000

Control 21.69 (10.038) 26.18 (10.45) 0.000

p 0.952 0.624

CET thickness TECAR 0.262 (0.067) 0.251 (0.078) 0.624

Control 0.241 (0.078) 0.231 (0.07) 0.419

p 0.335 0.349

(Continues)
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Table 4. Comparison of clinical and sonographic parameters within and between groups before (T0) and after treatment (T1) (continued)

Parameters Groups T0 T1 p

TUSS TECAR 1.739 (0.751) 1.087 (0.949) 0.01

Control 1.875 (1.075) 1.25 (1.188) 0.001

p 0.620 0.607

Hypo echogenicity* TECAR 2 (0‑2) 1 (0‑1) 0.002

Control 2 (0‑2) 2 (0‑2) 0.001

p 0.705 1.0

Neovascularity* TECAR 1 (0‑1) 1 (0‑1) 0.317

Control 1 (0‑1) 1 (0‑1) 1.0

p 0.662 0.730

Heterogeneity* TECAR 1 (0‑1) 1 (0‑1) 0.665

Control 1 (0‑1) 1 (0‑1) 0.083

p 0.646 0.917

Bone abnormality* TECAR 1 (0‑1) 1 (0‑1) 0.317

Control 1 (0‑1) 1 (0‑1) 1.0

p 0.767 0.482

PRTEE‑pain TECAR 31.826 (6.859) 16.95 (9.735) 0.000

Control 30.375 (8.484) 16.83 (10.61) 0.000

p 0.523 0.967

PRTEE‑function TECAR 31.695 (8.1446) 14.065 (9.9147) 0.000

Control 31.479 (10.48) 14.104 (11.83) 0.000

p 0.938 0.99

PRTEE‑total TECAR 63.956 (14.052) 31.41 (17.55) 0.000

Control 61.854 (17.271) 30.937 (21.538) 0.000

p 0.65 0.934

*Mann-Whitney test; other: Student t‑test.
VAS: visual analog scale; ADL: activities of daily living; HGS: hand grip strength; CET: common extensor tendon; TUSS: total US scale score; PRTEE: patient‑rated tennis elbow 
evaluation.

TECAR. TUSS was not evaluated in the Murat et al. 
study. Unfortunately, ESWT did not have hypoecho-
genicity, neovascularity, heterogeneity, or bone abnor-
mality results. In addition, the occupations of the 
patients were not mentioned in this study. All of our 
patients, except for our three patients, were actively 
working patients. Perhaps for this reason, tendon 
thickness did not change much in our study.

Tezen et al. found TECAR treatment to be benefi-
cial in reducing pain and improving symptoms and 
functions in CTS patients, but observed that its 
effects were not as long-lasting as US41. We 

evaluated the patients at the end of the 3rd  week, 
which is the end of the interventions. If we had fol-
lowed them for a long time, there might have been 
no difference between the two groups in terms of 
VAS ADL change. Bilir et al. found significant 
improvement in CET thickness in both groups in their 
LE study comparing high-intensity laser therapy and 
ESWT42. However, the lack of a control group is a 
limitation of this study.

In chronic LE, Turgay et al. found that ESWT was 
more effective than low-level laser therapy (LLLT) in 
reducing pain and improving function43. However, this 
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Table 5. Effects of treatment models on clinical and sonographic 
parameters according to pre‑treatment (T0) and post‑treatment 
(T1) change values

Parameters TECAR group Control group p

Elbow rest VAS Δ (T0‑T1) 1.434 (2.191) 1.458 (2.186) 0.971

Elbow night VAS Δ (T0‑T1) 3.173 (3.284) 2.166 (2.632) 0.251

Elbow VAS‑ADL Δ (T0‑T1) 5.173 (2.656) 3.458 (2.781) 0.036

forearm rest VAS Δ (T0‑T1) 1 (2.486) 0.75 (1.775) 0.692

Forearm night VAS Δ (T0‑T1) 1.173 (2.479) 1.208 (2.105) 0.959

Forearm VAS‑ADL Δ (T0‑T1) 7.13 (3.401) 5.416 (2.976) 0.072

arm rest VAS Δ (T0‑T1) 0.869 (2.321) 0.541 (1.413) 0.56

Arm night VAS Δ (T0‑T1) 1.173 (2.757) 1.125 (2.251) 0.947

Arm VAS‑ADL Δ (T0‑T1) 2.434 (3.300) 1.583 (2.717) 0.339

Lateral epicondyle 
tenderness VAS Δ (T0‑T1)

5 (0‑10) 4 (0‑10) 0.252

HGS Δ (T0‑T1) −6.295 (4.897) −4.491 (6.669) 0.298

CET thickness Δ (T0‑T1) 0.01 (0.100) 0.01 (0.059) 0.986

TUSS Δ (T0‑T1) 0.652 (1.112) 0.625 (0.824) 0.924

Hypoechogenicity Δ (T0‑T1)* 0 (0‑2) 0 (0‑2) 0.884

NeovascularityΔ (T0‑T1)* 0 ([−1]‑1) 0 (0‑0) 0.291

Heterogeneity Δ (T0‑T1)* 0 ([−1]‑1) 0 (0‑1) 0.525

Bone abnormality Δ (T0‑T1)* 0 (0‑1) 0 (0‑0) 0.307

PRTEE‑pain Δ (T0‑T1) 14.86 (9.55) 13.54 (8.59) 0.619

PRTEE‑function Δ (T0‑T1) 17.63 (9.293) 17.37 (10.87) 0.932

PRTEE‑total Δ (T0‑T1) 32.54 (17.94) 30.91 (18.07) 0.758

*Wilcoxon test; others: t‑test.
TECAR: transfer energy capacitive and resistive; VAS: visual analog scale; 
ADL: activities of daily living; HGS: hand grip strength; CET: common extensor tendon; 
TUSS: total US scale score; PRTEE: patient‑rated tennis elbow evaluation.

study did not compare the changes in parameters 
between the two groups before and after treatment.

Baktır et al. observed that LLLT was only beneficial 
for pain in the lateral epicondyle, whereas iontophoresis 
was beneficial for both pain and function. When the 
effect size was evaluated, they found that LLLT was 
more effective than iontophoresis in reducing pain. How-
ever, when phonophoresis and iontophoresis were com-
pared in terms of effectiveness, they found that 
iontophoresis had better effects in terms of pain, func-
tion, and grip strength44. In a study comparing kinesio-
taping, US, and ESWT, CET thicknesses showed a 
significant decrease only in the ESWT group after 
8 weeks45. ESWT, which has been proven to be effective 

in many studies in LE, had no effect on CET thickness 
in the 2nd week, but an effect was seen in the 8th week. 
If we had done long-term follow-up, we might have seen 
a decrease in tendon thickness. Again, in the same 
study, grip strength improved only in the kinesio taping 
group within 6 weeks after the completion of treatment45. 
However, we found a significant improvement in hand 
grip strength in both groups in a short time.

Although we did not find a significant difference 
between the two groups in terms of Verhaar treatment 
response, there were no “bad” results in the TECAR 
group, whereas 20.8% of the patients in the control 
group had bad results. Again, the excellent and good 
results rates were higher in the TECAR group. This 
supports the effect of TECAR in the treatment of LE.

This is the first study to evaluate the effect of TECAR 
treatment in LE clinically and ultrasonographically, 
and draws attention to an alternative physical therapy 
modality in the treatment of LE.

The lack of long-term follow-up may be a limitation. 
We thought that there was no need for a sham group 
since there were not only subjective evaluations of the 
patients but also ultrasonographic evaluations. We 
think that our study will prioritize future comparative 
studies with longer follow-up and different physical 
therapy agents.

Conclusions

To our knowledge, this is the first study to evaluate 
the clinical and ultrasonographic efficacy of TECAR 
therapy in LE. We obtained better results in the 
TECAR group than the control group in terms of VAS 
ADL in the early post-treatment period. It may be pre-
ferred in addition to exercise therapy in patients with 
high elbow pain. TECAR therapy can be used as an 
alternative treatment option in LE. However, further 
research is needed to standardize treatment protocols 
for this patient group, to determine the long-term 
effects of TECAR therapy, and to determine the safety 
and efficacy of this treatment method.
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Is it possible to differentiate benign/malignant unilateral 
sinonasal diseases from clinical and radiological findings?  
A new algorithm for clinical management
¿Es posible diferenciar las enfermedades sinonasales unilaterales benignas y malignas a 
partir de los hallazgos clínicos y radiológicos? Un nuevo algoritmo para el manejo clínico

Zülküf Küçüktağ*, Bülent Öcal, Cem Saka, Esma Altan, and Emel Çadallı-Tatar
Department of Otolaryngology Head and Neck Surgery, Etlik City Hospital, Ankara, Turkiye

Abstract

Objective: The aim of this study is to determine the relationships between demographic, clinical, and radiological character-
istics of patients with unilateral sinonasal diseases and the type of pathology, and to present a new algorithm that can help 
clinicians in the management of these patients. Method: The study included 243 patients who underwent surgery because of 
unilateral sinonasal diseases between 2014 and 2022. Patients were first divided into inflammatory and neoplastic groups and 
the neoplastic group was divided into benign and malignant groups. Results: Epistaxis and orbital complaints were seen 
significantly more in the neoplastic group, and anosmia/hyposmia in the inflammatory group. Epistaxis, orbital complaints, and 
pain were seen significantly more in the malignant group than in the benign group. On computed tomography scan, bone ero-
sion and invasion of adjacent structures were seen significantly more in the neoplastic group and the malignant group. 
Conclusions: We present a new algorithm based on our clinical experience that can be used in the clinical management of 
unilateral sinonasal diseases.

Keywords: Unilateral sinonasal diseases. Paranasal sinuses. Endoscopic sinus surgery.

Resumen

Objetivo: Determinar las relaciones entre las características demográficas, clínicas y radiológicas de los pacientes con enfer-
medades sinonasales unilaterales y el tipo de patología, y presentar un nuevo algoritmo que pueda ayudar a los clínicos en 
el manejo de estos pacientes. Método: El estudio incluyó 243 pacientes intervenidos quirúrgicamente por enfermedades 
sinonasales unilaterales entre 2014 y 2022. Los pacientes se dividieron en primer lugar en grupos inflamatorio y neoplásico, 
y el grupo neoplásico se dividió en grupos benigno y maligno. Resultados: La epistaxis y las molestias orbitarias se obser-
varon significativamente más en el grupo neoplásico, y la anosmia/hiposmia en el grupo inflamatorio. La epistaxis, las moles-
tias orbitarias y el dolor se observaron significativamente más en el grupo maligno que en el benigno. En la tomografía 
computarizada, la erosión ósea y la invasión de estructuras adyacentes se observaron significativamente más en el grupo 
neoplásico y en el grupo maligno. Conclusiones: Presentamos un nuevo algoritmo basado en nuestra experiencia clínica que 
puede ser utilizado en el manejo clínico de las enfermedades sinonasales unilaterales.

Palabras clave: Enfermedades sinonasales unilaterales. Senos paranasales. Cirugía sinusal endoscópica.
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Introduction

Unilateral sinonasal disease has been reported to 
be relatively rare, with frequency ranging from 2.5% 
to 6%1,2. The patient usually presents with complaints, 
such as nasal obstruction, purulent discharge, ante-
rior and posterior nasal drainage, anosmia or dysos-
mia, nasal bleeding, headache, facial pain/pressure, 
and facial swelling. There may also be accompanying 
vision loss, limitation of eye movements, and cranial 
complaints. The etiology is usually an inflammatory 
disease that can be managed conservatively with 
medical treatment, but surgical treatment is required 
if there is no response to medical treatment and in 
neoplastic cases3,4.

The presence of unilateral nasal symptoms or 
pathology should be regarded with caution, as during 
the early stages of sinonasal neoplasms, they may 
also present with subtle symptoms that mimic an 
inflammatory pathology5. Some authors have sug-
gested that unilateral sinonasal masses should always 
be considered neoplastic until proven otherwise4. 
Therefore, early diagnosis and accurate planning are 
important in the treatment of these patients.

Whether or not an in-office biopsy should be per-
formed in cases of unilateral nasal masses is also a 
matter of controversy. Harvey and Dalgorf6, recom-
mended that in-office biopsy be performed in cases 
of suspected malignant pathology. In contrast, Silva 
et al.7 stated that in-office biopsies are nearly always 
unnecessary because they do not change the subse-
quent management of these patients.

The number of articles and cases published on uni-
lateral sinonasal diseases are limited. Therefore, a 
common approach model for the management of these 
patients has not been established, and each clinic has 
its own different practices. Moreover, there are only 
two diagnostic algorithms to guide otorhinolaryngolo-
gists in the evaluation of these patients7,8. The aim of 
this study was to determine the complaints, clinical 
and radiological features, and histopathological results 
of patients who underwent surgery for unilateral sino-
nasal disease, and to present a diagnostic algorithm 
created on the basis of our experience, which would 
be able to guide the management of these patients.

Method

The study was approved by the ethics committee 
(AEŞH-EK1-023-107). A  retrospective review was 

made of the medical files of patients who presented 
with sinonasal complaints, were found to have unilat-
eral sinus opacification on computed tomography (CT) 
scan, and who then underwent surgery in our clinic 
between 2014 and 2022. For all patients with unilat-
eral nasal symptoms, a detailed medical history was 
taken, followed by a complete nasal examination, 
including nasal endoscopic examination. CT imaging 
was performed in all patients. Pre-operative biopsy 
was performed on masses that were not smooth-
surfaced, had an irregular surface in the shape of a 
bunch of grapes, were hard and adhered to the sur-
rounding tissues, and caused damage to the turbi-
nates, septum and/or lateral nasal wall on nasal 
endoscopic examination, that is, had the potential to 
be neoplastic, even if there was no bone erosion and 
extension to the surrounding tissues on radiological 
imaging. A biopsy was performed after excluding the 
presence of intracranial herniation and vascular tumor 
in the mass by endoscopic nasal examination and CT 
scan. Pre-operative biopsy specimens were obtained 
using a rigid endoscope and through-cutting forceps. 
The biopsy specimens were immediately fixed with 
10% formalin and sent to the pathology department. 
The pre-operative CT images were reviewed by an 
otolaryngologist. This evaluation included the pres-
ence of calcification, thickening of the bone wall, bone 
erosion, and invasion of adjacent structures, and 
grading of the sinus opacification using the Lund-
Mackay scoring system. Endoscopic surgery was per-
formed in cases with inflammatory conditions not 
responsive to medical treatment and those with neo-
plastic lesions.

Patients with previous sinus surgery, retentions 
cysts, bilateral sinonasal diseases, or with incomplete 
data were excluded from the study. The patients were 
grouped according to the histopathological diagnosis 
as inflammatory and neoplastic. The neoplastic group 
was then divided into two groups as benign and 
malignant.

Statistical analysis

Data collected in the study were analyzed statisti-
cally using SPPS Statistics for Windows vn. 20.0 soft-
ware (IBM Corp., Armonk, NY, USA). Descriptive 
analyses were stated as number and percentage for 
categorical variables, and as mean and standard devi-
ation values for continuous variables. The conformity 
of continuous variables to normal distribution was 
assessed with the Shapiro-Wilk test, and the averages 
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of the paired groups not conforming to normal distribu-
tion were compared with the Mann-Whitney U-test. In 
the analysis of discrete variables, the Fischer Exact 
Test was applied. Correlations between variables 
were analyzed with the Kappa Test, evaluated as 
Kappa value ≤ 0.4 indicating weak agreement, 0.41-
0.60 moderate, 0.61-0.80 strong, and 0.81-1.00 as 
very strong. The level of statistical significance was 
accepted as p < 0.05 in the analyses.

Results

Evaluation was made of a total of 243  patients 
treated for unilateral sinonasal disease, with complete 
information available. The patients comprised 
163  males and 80  females with a mean age of 
42.2 years (range, 9-84 years). The demographic and 
clinical characteristics of the groups are as shown in 
table 1. The groups were compared in terms of age, 
gender, side of pathology, presence of recurrence, 
magnetic resonance imaging (MRI) and pre-operative 
biopsy requirement (Table  2). The patients in both 
groups were separated into 2 age groups as under 
50 years old and over 50 years old. In the neoplastic 
group, 58 (55.2%) patients were aged > 50 years, and 
29  (21%) patients in the inflammatory group were 
aged > 50  years. The difference between the two 
groups was statistically significant. In addition, the 
requirement for MRI and pre-operative biopsy was 
statistically higher in the neoplastic group than in the 
inflammatory group.

Antrachoanal polyp was found to be the most com-
mon inflammatory pathology, inverted papilloma was 
the most common benign neoplastic pathology, and 
spindle cell mesenchymal tumor was the most com-
mon malignant neoplastic pathology according to the 
results of definitive pathology (Table 3).

In all groups, the most common complaint on pre-
sentation was nasal obstruction (n: 218, 89.7%) and 
the least common complaint was neurological com-
plaints (Table  4). Only 2  patients in the neoplastic 
group had neurological complaints, one of which was 
a patient with meningoencephalocele who presented 
with dizziness, and the other was a patient with squa-
mous cell carcinoma with symptoms of meningitis. 
Epistaxis and orbital complaints were significantly 
more common in neoplastic pathologies than in inflam-
matory pathologies. Anosmia/hyposmia was present 
at a significantly higher rate in the inflammatory group 
than in the neoplastic groups. Significantly higher 
rates of epistaxis, orbital complaints, and head/facial 

pain were determined in the malignant neoplastic 
group than in the benign neoplastic group.

Pre-operative biopsy was required in 73 of the total 
243 patients, as 12 determined with inflammatory pol-
yps and 61 with neoplastic pathologies. The pre- and 
post-operative biopsy results were compatible with 
each other in all 12 patients in the inflammatory group. 
In the neoplastic group, the pre-  and post-operative 
biopsy results were inconsistent with each other in 
9 patients. The Kappa Test was performed to evaluate 
the compatibility of pre-operative biopsies with post-
operative biopsies in terms of benign and malignancy. 
The compatibility rate of all the pre- and post-opera-
tive biopsy results was found to be 87.7%. A statisti-
cally significant and very good agreement was found 
between the two biopsy results (Kappa = 0.89; 
p < 0.001). In the neplastic group, pre-operative biopsy 
was performed in 39 of 61  patients because of the 
presence of bone erosion on CT and in 22  patients 
because the appearance of the mass on endoscopic 
nasal examination was suspicious for neoplasm 
despite the absence of destructive and invasion find-
ings on CT. In the inflammatory group, although there 
were no suspicious findings on CT scans in 3 of 
12  patients who underwent pre-operative biopsy, it 
was decided to perform a biopsy based on the endo-
scopic examination findings of the mass.

The pre-operative biopsy gave seriously inaccurate 
results mainly in 3 patients who were actually malig-
nant but had benign pre-operative biopsy results. In 
one of these patients, the pre-operative biopsy result 
was acute inflammation, and the post-operative biopsy 
result was T/NK cell lymphoma. In another patient with 
a pre-operative biopsy result of hemangioperistoma, 
the post-operative biopsy result was renal cell carci-
noma metastasis. In the last patient, the pre-operative 
biopsy result was inverted papilloma and the post-
operative biopsy result was non-keratinized squamous 
cell carcinoma. In 1 of the other 6 patients, the pre-
operative biopsy result was olfactory neuroblastoma, 
while the post-operative biopsy result was solitary 
plasmacytoma. In the remaining 5  patients, the 
pre- and post-operative biopsy results were similarly 
reported as benign. The pre-operative biopsy results 
of these patients were nasal polyp, granulation tissue, 
normal mucosa, non-tumoral tissue, and nasal polyp, 
and the post-operative biopsy results were reported 
as inverted papilloma, cavernous hemangioma, ham-
artoma, schwannoma, and hamartoma, respectively.

Paranasal sinus CT was performed on all the 
patients. The CT findings are as shown in table  5. 
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Bony erosion was detected in 39 of 105  (37.1%) 
patients in the neoplastic group and in 9 of 138 (6.5%) 
patients in the inflammatory group. Skull base, orbital 
wall and lateral nasal wall erosion, and invasion of 
adjacent structures were significantly higher in the 
neoplastic group than in the inflammatory group. 
There was no significant difference between the two 
groups in terms of the presence of calcification and 
increased thickness of the bone wall.

MRI was requested for 59  (24.2%) patients with 
orbital wall, lateral nasal wall or skull base erosion 
on CT scan. MRI was performed on 44  (47.8%) 
patients in the neoplastic group, 12  (8.7%) 
patients in the inflammatory group, and on 75.8% 
of malignant group and 30.6% of benign neoplas-
tic group. There was a statistically significant dif-
ference between the all groups in terms of MRI 
requirement.

Table 1. Demographic and clinical characteristics of the groups

Parameters Neoplastic Total neoplastic
n (%)

Inflammatory
n (%)

Benign
n (%)

Malignant
n (%)

Number of patients 72 (68.5) 33 (31.5) 105 (43.2) 138 (56.8)

Age (years) (mean ± SD) 49.51 ± 16.62 53.0 ± 16.34 50.61 ± 16.54 35.85 ± 16.71

Gender (male/female) 53 (73.6)/19 (26.4) 22 (66.7)/11 (33.3) 75 (71.4)/30 (28.6) 88 (63.8)/50 (36.2)

Side (right/left) 43 (59.7)/29 (40.3) 16 (48.5)/17 (51.5) 59 (56.2)/46 (43.8) 63 (45.7)/75 (54.3)

Involved sinuses
Maxillary
Anterior ethmoid
Posterior ethmoid
Frontal
Sphenoid

41 (56.9)
38 (52.8)
38 (52.8)
30 (41.7)
19 (26.4)

22 (66.7)
21 (63.6)
22 (66.7)
18 (54.5)
21 (63.6)

63 (60.0)
59 (56.2)
60 (57.1)
48 (45.7)
40 (38.1)

117 (84.8)
54 (39.1)
37 (26.8)
32 (23.2)
15 (10.9)

Type of surgery
Endoscopic surgery
Open and/or combined surgery
Recurrence (+)
Mean time to recurrence (months)
Mean follow‑up time (months)

65 (90.3)
7 (9.7)
1 (1.4)

0.35 ± 2.94
42.49 ± 19.53

26 (78.8)
7 (21.2)
5 (15.2)

1.09 ± 2.89
45.25 ± 20.64

91 (86.7)
14 (13.3)

6 (5.7)
0.58 ± 2.93

43.34 ± 19.82

132 (95.7)
6 (4.3)
4 (2.9)

0.34 ± 2.31
41.78 ± 17.47

SD: standard deviation.

Table 2. Comparison of the clinical characteristics of the groups

Parameters Neoplastic Total neoplastic
n (%)*

Inflammatory
n (%)*

p**

Benign
n (%)*

Malignant
n (%)*

p**

Age 
≥ 50 years
< 50 years

41 (56.9)
31 (43.1)

17 (51.5)
16 (48.5)

0.67
58 (55.2)
47 (44.8)

29 (21.0)
109 (79.0) < 0.001

Gender
Male
Female

53 (73.6)
19 (26.4)

22 (66.7)
11 (33.3)

0.49 75 (71.4)
30 (28.6)

88 (63.8)
50 (36.2)

0.21

Side
Right
Left
Presence of recurrence side
MRI requirement
Preoperative biopsy requirement

43 (59.7)
29 (40.3)

1 (1.4)
22 (30.6)
38 (52.8)

16 (48.5)
17 (51.5)
5 (15.2)
25 (75.8)
23 (69.7)

0.29

0.01
< 0.001

0.13

59 (56.2)
46 (43.8)

6 (5.7)
47 (44.8)
61 (58.1)

63 (45.7)
75 (54.3)

4 (2.9)
12 (8.7)
12 (8.7)

0.12

0.33
< 0,001
< 0.001

*Column percentage.  
**Fischer’s exact test. MRI: magnetic resonance imaging.
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Discussion

Although unilateral sinonasal diseases are rarely 
seen, they present a great challenge to clinicians 
because of the difficulties in diagnosis and treatment. 
Perhaps the main reason for this is the small number 
of articles and cases presented on this topic. When 
the articles were analyzed, this study presented the 
highest number of patients related to this subject. In 
addition, the number and diagnostic diversity of neo-
plastic and especially malignant pathologies in this 
study was remarkable.

Most unilateral sinonasal pathologies are benign. 
Lathi et al.9 reported that 71.4% of cases were inflam-
matory and 28.6% were neoplastic, and Gomes et al.8 
stated these rates as 67.4% and 21.9%. In another 
study, these rates were reported as 83.1% inflamma-
tory and 16.9% neoplastic pathologies10. The results of 
the present study showed inflammatory pathology in 
56.8% of the cases and neoplastic pathologies in 
43.2%.

Inflammatory pathologies are generally seen more 
in children and at young ages, whereas neoplastic 
pathologies are seen more at advanced ages. Nair 
et al.10 reported that 86.3% of patients in the inflam-
matory group were aged < 50  years and 55.5% of 
the neoplastic group were aged > 50  years. It was 
similarly stated in a study by Lee4, that the mean 
age of patients in the neoplastic group was older 
than that of the inflammatory group. The present 
study results on this point were similar to those of 
previous studies. It was seen that 55.2% of the neo-
plastic group patients were aged > 50  years and 
79% of the inflammatory group were aged < 50 years. 
The mean ages were determined to be 35.8  years 
in the inflammatory group and 50.6 years in the neo-
plastic group.

Patients usually present with complaints, such as 
nasal obstruction, nasal discharge, epistaxis, and 
head/face pain. Silva et al.7 determined the complaints 
on presentation of patients with malignancy to be 
nasal obstruction in 60%, a feeling of pressure in the 
face in 40%, headache in 30%, and epistaxis in 10%. 
The complaint of numbness in the face was present in 
20 (13%) of 153 patients, and 4 (20%) of these had malig-
nant disease. In the study by Lee4, there was reported 
to be more purulent nasal discharge and foul smell in 
the inflammatory group; while headache, pain and 
swelling in the cheek, epistaxis, and exophthalmus 

Table  3. Distribution of diseases according to the results of 
definitive pathology

Diagnosis Number of patients (n %)

Inflammatory 138 (56.8)

Chronic rhinosinusitis 19 (13.8)

Fungal rhinosinusitis 7 (5.1)

Nasal polyp 38 (27.5)

Antrochoanal polyp 71 (51.4)

Mucocele 3 (2.2)

Neoplastic 105 (43.2)

Benign 72 (68.6)

Inverted papilloma 47 (65.3)

Hemangioma 4 (5.6)

Osteoma 7 (9.7)

Menengioma 3 (4.2)

Schwannoma 1 (1.4)

Meningoencephalocele 1 (1.4)

Hamartoma 3 (4.2)

Ameloblastoma 1 (1.4)

Cystic mass 2 (2.8)

Aneurysmal bone cyst 1 (1.4)

Hemangiopericytoma 1 (1.4)

Rosai dorfman disease 1 (1.4)

Malignant 33 (31.4)

Squamous cell carcinoma 4 (12.1)

Spindle cell mesenchymal tumor 5 (15.2)

NK/T cell lymphoma 1 (3.03)

Other lymphomas 1 (3.03)

Inverted papilloma with malignant change 4 (12.1)

Olfactory neuroblastoma 2 (6.1)

Salivary gland ductal carcinoma 1 (3.03)

Round cell malignant tumor 3 (9.1)

Adenoid cystic carcinoma 4 (12.1)

Solitary plasmacytoma 3 (9.1)

Renal cell carcinoma metastasis 1 (3.03)

Malignant melanoma 3 (9.1)

Small cell malignant tumor 1 (3.03)

Total 243
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were seen more in the neoplastic group. Gomes 
et al.8 reported a significantly higher rate of epi-
staxis, facial pain, and numbness in the cheek in 
the neoplastic group and of nasal discharge and 
post-nasal discharge in the inflammatory group. In 
the present study, epistaxis and orbital complaints 
were seen to be findings specific to the neoplastic 
group, and anosmia/hyposmia to the inflammatory 
group. Furthermore, epistaxis, orbital complaints 
and head/facial pain were significantly higher in the 
malignant neoplastic group than in the benign neo-
plastic group.

In some studies, there has been shown to be a 
greater probability that the presence of polyp in nasal 

endoscopic examination will be neoplastic rather 
than inflammatory4,7,8. However, in this study no sig-
nificant relationship was found between the presence 
of polyp in endoscopic examination and whether the 
pathology was inflammatory/neoplastic or benign/
malignant.

There is ongoing debate on the subject of the 
need for MRI and when it should be performed in 
unilateral sinonasal diseases. Many surgeons 
request an additional imaging method following sus-
picious findings on CT scans. Rudralingam et al.2 
recommended that MRI is requested for every 
patient determined with bone erosion on CT. Harvey 
and Dalgorf6 stated that CT and MRI are 

Table 4. Comparison of the complaints on presentation and endoscopic examination findings of the groups

Symptoms Neoplastic Total neoplastic
n (%)*

Inflammatory
n (%)*

p**

Benign
n (%)*

Malignant
n (%)*

p**

Nasal obstruction 64 (88.9) 28 (84.8) 0.54 92 (87.6) 126 (91.3) 0.39

Nasal discharge 4 (5.6) 1 (3.0) 0.90 5 (4.8) 14 (10.1) 0.15

Epistaxis 6 (8.3) 11 (33.3) 0.003 17 (16.2) 1 (0.7) < 0.001

Anosmia or hyposmia 5 (6.9) 4 (12.1) 0.45 9 (8.6) 32 (23.2) 0.003

Headache or facial pain 9 (12.5) 16 (48.5) < 0.001 25 (23.8) 28 (20.3) 0.53

Orbital complaints 6 (8.3) 10 (30.3) 0.007 16 (15.2) 3 (2.2) < 0.001

Neurological complaints 1 (1.4) 1 (3.0) 0.53 2 (1.9) 0 0.18

Nasoendoscopy (polyp/mass) 63 (87.5) 25 (75.8) 0.15 88 (83.8) 106 (76.8) 0.19

*Column percentage.  
**Fischer’s exact test.

Table 5. Comparison of the computed tomography (CT) findings of the groups

CT findings Neoplastic Total Neoplastic  
n (%)*

Inflammatory
n (%)*

p**

Benign
n (%)*

Malignant
n (%)*

p**

Bony erosion 15 (20.8) 24 (72.7) < 0.001 39 (37.1) 9 (6.5) < 0.001

Thickening of the bone wall 16 (22.2) 2 (6.1) 0.05 18 (17.1) 24 (17.4) 0.98

Calcifications 3 (4.2) 4 (12.1) 0.20 7 (6.7) 7 (5.1) 0.59

Orbital wall erosion 11 (15.3) 14 (42.4) 0.006 25 (23.8) 4 (2.9) < 0.001

Skull base erosion 5 (6.9) 9 (27.3) 0.01 14 (13.3) 1 (0.7) < 0.001

Invasion into adjacent structures 7 (9.7) 16 (48.5) < 0.001 23 (21.9) 3 (2.2) < 0.001

Lund‑Mackay scores (mean ± Std. 
deviation) (Z) –2.07

6.53 ± 3.65 8.48 ± 4.95 0.03 7.14 ± 4.18 4.98 ± 3.11 < 0.001
–4.13

*Column percentage. 
**Fischer’s exact test. 
***Mann Whitney U‑test.
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complementary tests, and performing the two 
together provides the physician with more informa-
tion about potential pathologies than either test can 
present alone, and therefore claimed that both CT 
and MRI are necessary in most cases. In contrast, 
Silva et al.7 stated that MRI did not provide new 
information to that obtained on CT, and was there-
fore required for very few patients. Of the 153 patients 
evaluated by Silva et al. only 10 required MRI. This was 
performed following CT in patients with bone erosion in 
the lateral nasal wall or skull base, or those with central 
nervous system and/or orbital invasion. Of these 
10 cases, new information that could not be obtained 
on CT was provided in 4 cases.

In the present study, MRI was performed on a 
total of 59 (24.2%) patients; 29 with orbital wall ero-
sion, 15 with skull base erosion, and 15 with inva-
sion outside the sinonasal area. The results of the 
study by Silva et al.7 are naturally of great value as 
MRI is more expensive and time-consuming than 
CT, and as stated, MRI may not change the surgical 
approach. However, the question here is not 
whether or not new information can be obtained 
with MRI, but whether the relationship of the pathol-
ogy with surrounding tissues and vascular struc-
tures can be fully revealed, and confirm the CT 
findings. MRI is also more superior in the differen-
tiation of the mass and secretion. Therefore, CT 
and MRI findings should be evaluated together in 
selected patients.

Unilateral sinonasal masses should be evaluated 
as neoplastic until proven to the contrary. Therefore, 
it is important to know what the pathology is before 
surgery to plan the treatment. Nasal biopsies should 
be performed after physical examination and dis-
counting meningoencephalocele and vascular mass 
with radiological imaging11. Harvey and Dalgorf6 rec-
ommended that unless contraindicated, biopsy 
should be performed from the mass when malignant 
pathology is suspected and stated that this is an 
important step before making the treatment deci-
sion. The most striking study about the use of pre-
operative biopsy in unilateral sinonasal masses is 
the study by Segal et al.11 In this study, the accuracy 
of pre-operative biopsy of unilateral sinonasal 
masses was reported to be extremely high. In the 
study by Segal et al. of 46  patients with unilateral 
nasal mass who were operated on after biopsy was 
performed, the results of the pre-operative endo-
scopic biopsy were consistent with the results of the 
post-operative biopsy in 40 (86.9%). Tabaee et al.12 

compared 28 pre-operative biopsy samples with the 
final pathology. Pre-operative biopsy was found to 
have 71% sensitivity, 93% specificity, false positivity 
rate of 9%, and false negativity rate of 24%. Han 
et al.13 reported nasal biopsy sensitivity of 43.7% and 
specificity of 98.9% for malignant tumors, and 78.2% 
and 96.2%, respectively, for benign tumors. Gomes 
et al.8 reported inconsistency with the post-operative 
biopsy in only 3 of 40 patients who underwent pre-
operative biopsy, and stated that generally there was 
very good agreement between the results of the two 
biopsies.

In contrast to previous studies, Silva et al.7 claimed 
that pre-operative nasal biopsies were almost always 
unnecessary as they did not change the treatment 
method. In that study, pre-operative biopsy was not 
recommended for patients accepted as standard 
cases according to the physical examination and 
imaging results (no bone erosion on CT or neurologi-
cal findings in the physical examination). According 
to Silva et al.7 although pre-operative biopsy can 
provide a definitive diagnosis in some cases, the 
result for malignancy will not change the surgery to 
be applied whether it is negative or positive, and 
ultimately the mass will need to be surgically 
removed. This is also valid for patients who will 
receive post-operative chemotherapy and/or radio-
therapy. Exceptions to this situation are only a few 
cases where there are evident findings of malignancy 
during the physical examination and a confirmative 
pre-operative biopsy can change the surgical 
approach. Silva et al.7 reported that pre-operative 
biopsy was performed in only 1.5% of the study 
patients and the results did not affect the diagnosis 
and treatment method. It was also stated in the same 
study that pre-operative biopsy led to unnecessary 
costs and loss of time.

In the present study, the rate of agreement between 
the pre-operative and post-operative biopsy results 
was determined to be 87.7%. There was statistically 
significant very good agreement between the two 
biopsy results (Kappa = 0.89, p < 0.001). There is 
no need to perform a biopsy in cases with a smooth-
surfaced mass resembling an inflammatory polyp 
not adhering to surrounding tissues determined in 
the endoscopic examination. There is also no need 
to perform a biopsy from masses resembling muco-
cele with regular borders causing expansion in the 
sinuses with a typical antrachoanal polyp appear-
ance on CT imaging. However, biopsy must be per-
formed for masses causing significant pain and 
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swelling in the face, and orbital and cranial com-
plaints, masses that on endoscopic examination do 
not have a smooth surface, are shaped like a bunch 
of grapes, are hard and adherent to the surrounding 
tissues, completely filling the nasal cavity and caus-
ing destruction in the turbinates, and for masses 
showing bone erosion and extension to surrounding 
tissues on radiological imaging, which are accepted 

as neoplastic. In our clinical practice, it is recom-
mended that pre-operative biopsy is performed in 
masses with the above-listed characteristics in 
endoscopic nasal examination, even if there is no 
bone erosion on CT. Pre-operative biopsy may not 
change the type of surgery to be applied in most 
patients as stated by Silva et al.7 However, it may 
affect the borders and extent of the surgery to be 

Figure 1. Algorithm for the management of unilateral sinonasal diseases.



Z. Küçüktağ et al.  Unilateral sinonasal diseases

187

applied. For example, to prevent recurrence if the 
pre-operative biopsy result is inverted papilloma, it 
is necessary to take an amount of bone from the 
place of origin of the mass together with excision of 
the mass. This is because papilloma enters between 
the trabeculae of the bone at the place of origin, and 
it is known that recurrence can develop from this. 
When the pre-operative biopsy result is lymphoma, 
medical and/or radiation oncology must be con-
sulted before surgical treatment.

Bone erosion in unilateral sinonasal pathologies is 
almost only seen in neoplastic diseases, and some 
studies have even reported that bone erosion is a 
typical finding of malignancy1,2,14,15. However, Lee4 
determined bone erosion in 46.7% of benign patients 
and reported that most of these were mucocele. In 
the same study, it was stated that as mucocele is 
cystic with evident borders and causes regular bor-
dered expansion in the sinus, it can be differentiated 
from malignant pathologies. Gomes et al.8 stated that 
there was a significantly greater increase in bone 
erosion, bone remodeling, and periostal thickness in 
the neoplastic group. It was stated in the same study 
that the increase in calcification, bone remodeling, 
and periostal thickness was usually associated with 
benign neoplastic pathologies, whereas bone ero-
sion and invasion of surrounding tissues were asso-
ciated with malignant pathologies. In the present 
study; bone erosion, especially erosion of the orbital 
wall and skull base, invasion to adjacent structures, 
and the Lund-Mackay scores were seen to be sig-
nificantly greater in the malignant group than in the 
benign group.

The different algorithms have been defined in the 
management of unilateral sinonasal diseases. The 
most well-known of these algorithms were presented 
by Silva et al.7 and Gomes et al.8 Taking our clinical 
experience into consideration, the aim of this study 
was to create a new algorithm which would be helpful 
to clinicians in the management of these patients. The 
new algorithm is shown in the figure  1. The most 
important difference of the new algorithm from the 
previous ones is that the appearance of the mass on 
endoscopic nasal examination is considered as impor-
tant as other diagnostic tools in the management of 
these patients. MRI must be requested and pre-oper-
ative biopsy should be taken, not only for patients with 
bone erosion on CT, but also from masses with find-
ings raising the suspicion of neoplasm in the endo-
scopic examination.

Conclusions

The results of this study have shown that epistaxis, 
orbital complaints, and head/face pain should suggest 
neoplastic pathologies, and hyposmia and/or anosmia, 
inflammatory pathologies. The visualization of bone 
erosion on CT, including the orbital wall and skull base, 
and the invasion of adjacent structures should firstly 
suggest neoplastic pathologies, especially malignant 
pathologies. Each center has a different clinical 
approach in the management of patients with unilateral 
sinonasal disease. Therefore, there is a need for fur-
ther studies to be able to reach a consensus on this 
subject, and to be able to form a standard approach 
model.
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Total intravenous anesthesia or volatile anesthesia in pediatric 
neuroanesthesia applications: retrospective study
Anestesia total intravenosa o anestesia volátil en aplicaciones de neuroanestesia 
pediátrica: estudio retrospectivo
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Abstract

Objective: The primary objective of this study was to assess the effects of preferred anesthesia methods on perioperative 
hemodynamics in pediatric patients undergoing neurosurgery. Method: This retrospective and cross-sectional study included all 
pediatric patients undergoing brain surgery at Dicle University Hospital between January 2018 and December 2023. Group 1 
received sevoflurane and remifentanil anesthesia, whereas Group 2 received propofol and remifentanil anesthesia. Perioperative 
hemodynamic parameters, post-operative outcomes, mortality rates, use of inotropic agents, and laboratory values of the patients 
were collected. Results: A  total of 840 patients were included in the study. When comparing perioperative heart rate values 
between the groups, patients in Group 1 exhibited significantly higher heart rates. In addition, when evaluating mean arterial 
pressure (MAP), it was found that patients in Group 1 had lower MAP values compared to those in Group 2. Conclusions: Based 
on the results obtained in the present study, we recommend the use of total intravenous anesthesia in pediatric patients 
undergoing brain surgery due to its ability to provide more stable hemodynamics during the perioperative period.

Keywords: Total intravenous anesthesia. Volatile anesthesia. Pediatric patients.

Resumen

Objetivo: El objetivo principal de este estudio fue evaluar los efectos de los métodos de anestesia preferidos en la hemodi-
námica perioperatoria en pacientes pediátricos sometidos a neurocirugía. Método: Este estudio retrospectivo y transversal 
incluyó a todos los pacientes pediátricos sometidos a cirugía cerebral en el Hospital Universitario de Dicle entre enero de 2018 
y diciembre de 2023. El grupo 1 recibió anestesia con sevoflurano y remifentanilo, mientras que el grupo 2 recibió anestesia 
con propofol y remifentanilo. Se recopilaron los parámetros hemodinámicos perioperatorios, los resultados posoperatorios, las 
tasas de mortalidad, el uso de agentes inotrópicos y los valores analíticos de los pacientes. Resultados: Un total de 840 
pacientes fueron incluidos en el estudio. Al comparar la frecuencia cardiaca perioperatoria entre los grupos, los pacientes del 
grupo 1 mostraron frecuencias cardiacas significativamente más altas. Además, al evaluar la presión arterial media se encon-
tró que los pacientes del grupo 1 tenían valores más bajos que los del grupo 2. Conclusiones: Basándonos en los resultados 
obtenidos en el presente estudio, recomendamos el uso de anestesia total intravenosa en pacientes pediátricos sometidos a 
cirugía cerebral debido a su capacidad para proporcionar una hemodinámica más estable durante el periodo perioperatorio.

Palabras clave: Anestesia total intravenosa. Anestesia volátil. Pacientes pediátricos.
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Introduction

Recent advancements in pediatric neurosurgical 
anesthesia have significantly improved outcomes for 
infants and children affected by central nervous sys-
tem lesions. Inhalation anesthesia and total intrave-
nous anesthesia (TIVA) techniques are widely used in 
pediatric anesthesia practice.

Inhalation anesthetics have been a standard choice 
for general anesthesia in clinical practice since the 
mid-19th  century, when diethyl ether was first intro-
duced1. Sevoflurane was first synthesized in 1971 and 
became widely available in the 1990s. Due to its favor-
able pharmacodynamic and pharmacokinetic proper-
ties, sevoflurane is a particularly popular anesthetic 
agent, particularly in pediatric patients1. Sevoflurane 
is a stable, colorless, non-irritating, and non-flamma-
ble substance at room temperature with a character-
istic sweet odor2,3. Although sevoflurane has long 
been popular, its short-term and long-term effects on 
neurological function are still under investigation. In 
recent years, there has been a significant increase in 
pre-clinical studies investigating the toxic effects of 
anesthetics on the developing brain4. Numerous calls 
have been made for more precise research to deter-
mine whether exposure to anesthesia during early 
childhood has clinically significant effects on neuro-
development in humans5,6.

TIVA has been used in adult practice since 1982, 
whereas its practical application in pediatric patients 
is relatively new. A  previous study showed that only 
10% of pediatric anesthetists utilize TIVA at least once 
a week7. The use of TIVA has increased despite cer-
tain barriers such as interindividual pharmacokinetic 
and pharmacodynamic variability and safety concerns 
related to propofol infusion syndrome8-10.

The primary objective of this study was to assess 
the effects of preferred anesthesia methods on peri-
operative hemodynamics in pediatric patients 
undergoing neurosurgery. The secondary aim of this 
study was to investigate the effects of anesthesia 
techniques on post-operative outcomes, mortality 
rates, use of inotropic agents, and laboratory values.

Method

This retrospective, cross-sectional study included 
all pediatric patients undergoing brain surgery at Dicle 
University Hospital between January 2018 and 
December 2023. A total of 840 patients were initially 

assessed. Fifty-nine patients were excluded due to 
incomplete or missing data, and 781 patients were 
included in the final analysis. This study was initiated 
after obtaining the necessary ethical approvals. Pedi-
atric patients undergoing brain surgery were docu-
mented for their American Society of Anesthesiologists 
(ASA) classification, perioperative hemodynamic data, 
intraoperative need for blood transfusion, intraopera-
tive use of inotropic agents, type of anesthesia admin-
istered, anesthetic agent used, post-operative status 
of patients (intubated or extubated), and duration of 
stay in the intensive care unit (ICU) between the spec-
ified dates. Patients aged ≥ 15 years as well as those 
with incomplete records were excluded from the study.

All surgical procedures were performed under gen-
eral anesthesia. The choice between inhalation and 
intravenous anesthesia induction techniques was 
determined by the responsible anesthesiologist based 
on the presence or absence of signs of intracranial 
hypertension in the patient. Following endotracheal 
intubation and induction of general anesthesia, anes-
thesia was maintained with an intravenous infusion of 
remifentanil (0.02-0.2 μg/kg/min) combined with either 
propofol (Propofol Fresenius Kabi, Sweden) at 6-12 
mg/kg/h or sevoflurane (Sevoflurane®  Liquid 100%, 
Queenborough) at a concentration below 1%. The 
solutions we prepared were sent with the infusion 
pump MDT SN-S1 model (Sino Medical-Device Tech-
nology Co., Ltd, Shenzhen, China) (Fig.  1). Routine 
intraoperative monitoring included electrocardiogra-
phy, non-invasive arterial blood pressure monitoring, 
capnography, pulse oximetry, body temperature moni-
toring, and urinary output through a catheter. An arte-
rial catheter and central venous line were placed after 
the induction of general anesthesia.

Demographic data, including age, sex, and body 
weight, along with ASA classification, pre-operative 
hemoglobin (Hb) level, coagulation parameters, and 
intracranial mass localization, were recorded. Intraop-
erative data, including duration and year of operation, 
intraoperative position, intraoperative inotrope use, 
whether blood transfusion was performed, and 
whether central venous and arterial catheters were 
applied, were recorded. All patients were transferred 
to the ICU for post-operative follow-up. During the 
post-operative period, records regarding post-opera-
tive Hb and hematocrit values, whether patients were 
intubated or extubated, duration of stay in the ICU, 
and length of hospital stay were kept. Saturation and 
mean arterial pressure (MAP) of the patients were 
measured at the entrance, intraoperative 30th min, and 
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Figure 1. Infusion pump device.

in the post-extubation period. Routine blood samples 
were taken in the ICU from patients scheduled for 
surgery 1  day before and immediately after the 
operation.

We divided the patients into two groups and evalu-
ated the results. Group  1 consisted of patients who 
received sevoflurane as the inhalation agent, whereas 
Group 2 consisted of patients who underwent TIVA as 
the anesthetic method.

Statistical analysis

The Statistical Package for the Social Sciences 
(SPSS) 16.0 software for Windows (SPSS Inc., Chi-
cago, IL, USA) was used for the statistical analysis. 
Continuous data are expressed as mean and standard 
deviation; categorical data are expressed as fre-
quency and percentage. The categorical data of the 
groups were compared using the χ2 and Fisher’s exact 
tests. The Kolmogorov-Smirnov test was used to 
determine whether the numerical data were normally 
distributed. Student’s t-test was used to analyze data 
with a normal distribution, whereas the Mann-Whitney 
U test was used to analyze non-normally distributed 
data. The Wilcoxon W test was performed for evalu-
ations within groups. In all comparisons, p < 0.05 was 
considered significant.

Results

A total of 840 patients were included in this study. 
Fifty-nine patients were excluded from the study due 

to the unavailability of records or incomplete informa-
tion, resulting in a total of 781 patients included in the 
study. Patients were divided into two groups according 
to the anesthetic agent administered. The TIVA group 
consisted of 159 (20.4%) patients, and the other group 
consisted of 622/781 (79.6%) (Fig. 2).

Demographic data, pre-operative laboratory values, 
intraoperative hemodynamic data, and other charac-
teristics were compared between the groups. Demo-
graphic data revealed that mean age and body weight 
were significantly lower in Group  1 than in Group  2 
(p < 0.001 for both variables), and the incidence of 
comorbidities was higher in Group  1 (p = 0.005). 
There were no statistically significant differences 
between the two groups in terms of sex and ASA clas-
sification (Table 1).

When comparing emergency and elective surgical 
procedures, sevoflurane was more commonly used as 
the anesthetic agent in patients undergoing emer-
gency surgery (p < 0.001). When the groups were 
compared in terms of anesthesia and surgical dura-
tion, it was found that anesthesia and surgical dura-
tion were significantly longer in Group  2 than in 
Group 1 (p < 0.001 for both variables). Upon examin-
ing the post-operative admission to the ICU, it was 
found that patients in Group  2 had a higher rate of 
extubation compared with those in Group 1 (p = 0.004) 
(Table 1).

When both groups were compared in terms of mor-
tality, it was found that the mortality rate was signifi-
cantly higher in Group  2 compared to Group  1 
(Group  1:  13  patients, 2.09%; Group  2:  14  patients, 
8.80%, p < 0.001) (Table 1).

When comparing the saturation values between the 
groups, it was found that patients in Group 2 had sig-
nificantly higher pre-operative and post-operative sat-
uration values than those in Group  1 (p = 0.026, 
p < 0.001). Comparing the groups in terms of periop-
erative heart rate values, it was found that patients in 
Group 1 had significantly higher heart rates (p < 0.001 
for all heart rate values). In addition, when evaluated 
for MAP, it was found that patients in Group  1 had 
lower MAP values compared to those in Group  2 
(p values were < 0.001, 0.003, and < 0.001, respec-
tively). The details of the comparison between both 
groups are presented in table 2.

When pre-operative and post-operative laboratory 
values were compared within the groups, Hb and 
hematocrit values significantly decreased in both 
groups during the post-operative period (p < 0.001 for 
both variables for Hb, p < 0.001 and p = 0.011 for heat 
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hematocrit [Htc]). When pre-operative and post-oper-
ative white blood cell (WBC) values were compared 
within the group, it was found that WBC values sig-
nificantly increased in patients in Group 1 (p = 0.024). 
It was observed that chloride (Cl) levels were signifi-
cantly elevated in both groups during the post-opera-
tive period (p < 0.001, p = 0.001). Furthermore, 
post-operative urea and alanine transaminase (ALT) 
values decreased significantly and increased signifi-
cantly in Group 2 patients (p = 0.024 and p = 0.014) 
(Figs. 3 and 4, Table 3).

Intra-group before and after comparisons are given 
in tables 4 and 5.

Discussion

The results obtained in this retrospective study 
examining the use of sevoflurane or TIVA with propo-
fol-remifentanil in pediatric patients undergoing brain 
surgery revealed that perioperative heart rate was 
higher and MAP was significantly lower in the sevo-
flurane group. Similarly, Chui et al. in a systematic 
study comparing TIVA and inhalation agents for 

Table 1. Demographic data of patients

Variables Group 1
(n = 622)

Group 2
(n = 159)

p

Mean SD Mean SD

Age 4.53 4.41 8.59 4.47 < 0.001

Weight 17.44 13.65 31.45 15.9 < 0.001

Intensive care hospitalization period 15.91 17.25 16.16 14.52 0.308

Anesthesia time 147.27 120.61 466.13 253.09 < 0.001

Surgery time 130.51 113.30 427.30 247.47 < 0.001

Frequency Percent Frequenccy Percent

Sex
Male
Female

331
292

42.4
37.4

71
88

9.1
11.3

0.15

ASA*
ASA 1
ASA 2
ASA 3
ASA 4

139
294
163
23

17.8
37.6
20.9
2.9

44
75
33
6

5.6
9.6
4.2
0.8

0.054

Surgery type
Emergency surgery
Elective surgery

347
276

44.4
35.3

41
50

5.2
6.4

< 0.001

Comorbidity
Yes
No

106
516

13.6
66.1

17
142

2.2
18.2

< 0.001

Intraoperative inotrope usage
Yes
No

18
605

2.3
77.5

2
157

0.3
20.1

< 0.001

Postoperative airway status
Extubated
Intubated

493
130

63.1
16.6

62
97

7.9
12.4

0.004

Mortality
Death
Survive

13
609

1.7
78

14
145

1.8
18.6

< 0.001

Intraoperative blood transfusion need
Yes

No
82

541
10.5
69.3

57
102

7.3
13.1

< 0.001

The bold values represent statistically significant results (p < 0.05).
*ASA: American society of anesthesiologist.
TIVA: total intravenous anesthesia; SD: standard deviation.



H.T. Söner et al.  Pediatric neuroanesthesia

193

Figure 2. Recruitment and flow of patients.

Figure 3. Comparison of pre-operative and post-operative alanine aminotransferase (ALT) values of the groups A: comparison of pre-operative 
ALT values between groups, B: comparison of post-operative ALT values between groups, and C: change of per-operative ALT values.

A

C

B
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Table  3. Comparison of pre‑operative and post‑operative 
laboratory values between groups

Variables Pre‑operative Post‑operative p

Mean SD Mean SD

Group 1 Hb 11.7 2.16 10.7 1.99 < 0.001

Group 2 Hb 12.2 1.56 11.5 1.91 < 0.001

Group 1 Htc 35.65 6.29 32.87 5.74 < 0.001

Group 2 Htc 36.65 4.44 35.24 5.31 0.011

Group 1 WBC 13.44 8.05 14.37 7.24 0.024

Group 2 WBC 13.06 27.55 16.01 7.3 0.357

Group 1 Üre 22.46 13.76 21.74 14.98 0.157

Group 2 Üre 24.7 8.8 22.95 7.97 0.024

Group 1 Creatinine 0.5 0.1 0.51 0.1 0.78

Group 2 Creatinine 0.68 0.02 0.58 0.09 0.2

Group 1 Na 135.47 5.67 135.58 6.09 0.587

Group 2 Na 136.68 3.56 137.85 4.86 0.014

Group 1 K 4.33 0.615 4.34 0.598 0.934

Group 2 K 4.03 0.35 4.1 0.31 0.794

Group 1 Cl 104.19 4.26 105.21 6.58 0.001

Group 2 Cl 103.97 3.8 108.25 6.65 < 0.001

Group 1 AST 47.01 77.66 46.09 73.62 0.807

Group 2 AST 32.5 24.81 38 32.48 0.087

Group 1 ALT 25.74 31.7 27.98 43.09 0.232

Group 2 ALT 22.57 29.29 28.63 29.47 0.014

Group 1 Lactate 3 0 9 9.89 0.549

Group 2 Lactate 1.37 0.55 2.03 0.95 0.184

The bold values represent statistically significant results (p < 0.05).
Hb: hemoglobin; Htc: hematocrit; WBC: white blood cell; ALT: alanine transaminase; 
AST: aspartate transaminase; Cl: chloride. 

Table 2. Perioperative hemodynamics in pediatric neuroanesthesia 
applications

Variables Group 1  
Sevoflurane

(n = 622)

Group 2  
TIVA

(n = 159) 

p

SpO2 (1) 97.78 1.89 98.16 1.94 0.026

SpO2 (2) 98.74 3.72 99.24 0.84 0.097

SpO2 (3) 98.15 1.52 98.68 1.27 < 0.001

Heart rate (1)* 120.02 21.54 103.49 20.69 < 0.001

Heart rate (2) 114.38 19.40 96.12 19.42 < 0.001

Heart rate (3) 114.90 19.28 97.06 22.61 < 0.001

MAP (1) 68.08 11.35 77.46 10.29 < 0.001

MAP (2) 66.08 8,81 72.71 10.29 0.003

MAP (3) 67 9.88 72.48 9.19 < 0.001

*heart rate. 
SPO2: oxygen saturation; MAP: mean arterial pressure; TIVA: total intravenous 
anesthesia.

anesthesia maintenance during elective craniotomy, 
concluded that TIVA administration was associated 
with less intraoperative hypotension compared to 
inhalation agents, and there was no significant differ-
ence in the incidence of intraoperative hypertension, 
bradycardia, or tachycardia11. In a prospective study, 
Sneyd et al. administered TIVA and sevoflurane anes-
thesia to 24 and 26 patients, respectively, and noted 
that the sevoflurane group had more hypotensive 
events than the TIVA group12. Consistent with the 
present study, the use of inotropic agents was also 
higher in the sevoflurane group12. In a prospective 
study, Chen et al.13 compared TIVA and sevoflurane 
in pediatric patients and found that the TIVA group 
induced less pronounced hemodynamic changes13,14. 
It is possible that the sevoflurane group received a 
deeper anesthesia.

In the present study, the use of sevoflurane or TIVA 
with propofol-remifentanil in pediatric patients was 
examined, and a large proportion of patients (73.5%) 
were maintained with sevoflurane anesthesia.

When comparing the post-operative outcomes of 
patients, extubation was performed more frequently in 
the sevoflurane group compared with the TIVA group. 
Consistent with the present study, Raeder et al. 
reported earlier extubation in the sevoflurane group 
compared to TIVA14.

When the pre-operative and post-operative labora-
tory values of the patients were compared in the pres-
ent study, as expected, Hb and hematocrit values 
were significantly lower. Furthermore, although the 

WBC values increased in both groups, there was a 
significant increase in the sevoflurane group. In con-
trast to the present study, Soto et al. conducted a 
prospective study involving adult patients and com-
pared WBC counts during sevoflurane and TIVA anes-
thesia to baseline, and they did not observe a 
significant change15. Similarly, Kim et al. conducted a 
prospective study involving adult patients and found 
that while the WBC count increased more in the sevo-
flurane group, the difference between the groups was 
not statistically significant. In the present study, Cl 
values increased in both groups. We attribute this 
result to the use of 0.9% NaCl solution in our study. 
We observed that patients in the TIVA group had 
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Table 4. Group 1 before and after comparison

Pre‑operative‑ 
post‑operative

Statistic p Mean 
difference

SE 
difference

Hb 89161 <0.001 1.1500 0.0798

Htc 104108 < 0.001 3.1800 0.6127

WBC 56127 0.004 −0.8000 0.3099

ÜRE 70127 0.013 1.0000 0.4717

Creatinin 54075 0.011 0.0150 0.0192

NA 56094 0.948 −6.53e-5 0.1902

Potassium 70722 < 0.001 0.1500 0.2851

PCl 40458 < 0.001 −1.4000 209.2010

AST 77515 < 0.001 2.5000 3.6729

ALT 70709 < 0.001 1.5000 1.7983

Hb: hemoglobin; Htc: hematocrit; Wbc: white blood cell; ALT: alanine transaminase; 
AST: aspartate transaminase.

Table 5. Group 2 before and after comparisons

Pre‑operative‑ 
post‑operative

Statistic p Mean 
difference

SE 
difference

Hb 6402 < 0.001 0.9500 0.16940

Htc 7691 < 0.001 2.5000 0.46509

WBC 1193 < 0.001 −5.2000 1.73740

ÜRE 6135 0.013 1.9999 0.71996

Creatinin 4258 0.017 0.0250 0.00954

NA 3282 0.012 −1.5000 0.45331

Potassium 6548 < 0.001 0.3000 0.04996

PCl 1549 < 0.001 −4.5000 0.57951

AST 3753 0.087 −2.0000 3.07967

ALT 3003 < 0.001 −2.5000 2.23551

Hb: hemoglobin; Htc: hematocrit; Wbc: white blood cell; ALT: alanine transaminase; 
AST: aspartate transaminase.

significantly elevated ALT values when ALT values 
were evaluated. Contrary to the present study, one 
study in the literature conducted by Kang et al. 

retrospectively compared pre-operative and post-
operative ALT values in patients under 3 years of age 
over 3  years and found no significant difference16. 

Figure 4. Comparison of pre-operative and post-operative urea values of the groups: (A) comparison of pre-operative urea values between 
groups, (B) comparison of post-operative urea values between groups, (C) change in perioperative urea values. Güre: pre-operative urea, Püre: 
post-operative urea.

A B

C
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Considering the longer duration of surgery in the TIVA 
group in the present study, we believe that further 
prospective studies are needed. A  decrease in urea 
levels was observed in both groups of patients, but 
this decrease was significantly greater in the TIVA 
group. Ebert et al. compared the laboratory values of 
desflurane, sevoflurane, and TIVA groups in 52 patients 
and found that urea significantly decreased in all three 
groups17.

It should be noted that our study has some limita-
tions. The primary limitation of this study is its single-
center and retrospective design. Since TIVA is 
generally used in mass surgery in our clinical practice, 
the duration of anesthesia and surgery was quite long 
in this group. The demographic parameters were also 
different. The number of patients was not evenly dis-
tributed. There is a need for further prospective and 
multicenter studies on this subject.

Conclusions

Based on the results obtained in the present study, 
we recommend the use of TIVA in pediatric patients 
undergoing brain surgery due to its ability to provide 
more stable hemodynamics during the perioperative 
period.
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The impact of kinesiophobia on physical activity levels in 
hemodialysis patients: a cross-sectional study
El impacto de la kinesiofobia en los niveles de actividad física de los pacientes en 
hemodiálisis: un estudio transversal
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Abstract

Objectives: The aim of this study was to evaluate the relationship between kinesiophobia and physical activity levels in patients 
with end-stage kidney disease (ESKD) undergoing hemodialysis. Method: This cross-sectional study involved 227 ESKD 
patients undergoing HD treatment. Patients were assessed using the Tampa Scale of Kinesiophobia (TSK), the International 
Physical Activity Questionnaire-short form, and Beck Depression and Anxiety scales. Results: Our findings revealed a sig-
nificant association between kinesiophobia and low physical activity levels in HD patients (r = 0.384, p < 0.001). Patients with 
high TSK scores were more likely to have reduced physical activity levels. In addition, age (odds ratio [OR] = −31.3, p < 0.001), 
dialysis duration (OR = –57.2, p = 0.003), and TSK score (OR = 49.9, p < 0.001) emerged as independent predictors of 
physical activity levels. Notably, older age and longer dialysis duration were associated. Conclusions: This study highlights 
the significant impact of kinesiophobia on physical activity levels in HD patients. More research is needed to figure out how 
these things work and help doctors decide how to treat ESKD patients so they can be more active.

Keywords: Chronic kidney failure. Depression. Hemodialysis. Kinesiophobia. Physical activity.

Resumen

Objetivo: El objetivo de este estudio fue evaluar la relación entre la kinesiofobia y los niveles de actividad física en pacientes con 
enfermedad renal en fase terminal (ERFT) sometidos a hemodiálisis. Método: Estudio transversal que incluyó 227 pacientes con 
ERFT en tratamiento con HD. Se evaluó a los pacientes utilizando la Tampa Scale of Kinesiophobia (TSK), el Cuestionario Inter-
nacional de Actividad Física (versión corta) y las escalas de depresión y ansiedad de Beck. Resultados: Los resultados revelaron 
una asociación significativa entre la kinesiofobia y los bajos niveles de actividad física en los pacientes en HD (r = 0.384; p < 
0.001). Los pacientes con puntuaciones elevadas en la TSK tenían más probabilidades de presentar niveles reducidos de actividad 
física. Además, la edad (OR: –31.3; p < 0.001), la duración de la diálisis (OR: –57.2; p = 0.003) y la puntuación en la TSK (OR: 
49.9; p < 0.001) se revelaron como predictores independientes de los niveles de actividad física. En particular, la edad avanzada 
y la duración de la diálisis mostraron asociación. Conclusiones: Este estudio pone de manifiesto el impacto significativo de la 
kinesiofobia en los niveles de actividad física de los pacientes con HD. Se necesitan más investigaciones para aclarar los meca-
nismos subyacentes y orientar las decisiones terapéuticas destinadas a reducir la inactividad física en los pacientes con ERFT.

Palabras clave: Insuficiencia renal crónica. Depresión. Hemodiálisis. Kinesiofobia. Actividad física.
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Introduction

Patients with end-stage kidney disease (ESKD) are 
at risk of a number of comorbidities, such as cardio-
vascular disease, loss of muscle mass, and endothe-
lial dysfunction, which have a negative impact on their 
physical function and exercise capacity. Kinesiopho-
bia, defined as the fear of movement due to potential 
pain or harm, can lead to avoidance of physical activ-
ity, creating a vicious cycle of immobility. Possible 
mechanisms linking kinesiophobia and low levels of 
physical activity include fear of injury, reduced self-
efficacy, and avoidance behaviors in people with 
hemodialysis (HD). Depression and anxiety were also 
found to be associated with low levels of physical 
activity in HD patients. This highlights the importance 
of addressing mental health in this population. The 
duration of dialysis treatment was associated with a 
reduction in physical activity, underlining the need for 
continuous promotion of physical activity throughout 
the treatment process. Identification of patients with 
high levels of kinesiophobia may allow for targeted 
interventions to reduce anxiety and promote physical 
activity, which may improve the overall well-being of 
these patients. This research could have an impact on 
guidelines for the care of ESKD patients by recom-
mending strategies for the management of kinesiopho-
bia in treatment plans. By emphasizing the importance 
of addressing kinesiophobia and promoting physical 
activity, this research contributes to enhancing the 
care and well-being of ESKD patients undergoing HD.

ESKD is a global health problem characterised by 
high morbidity and mortality. The number of patients 
with ESKD is increasing due to the rising prevalence 
of hypertension (HT) and diabetes mellitus (DM) in the 
ageing population1. Patients with ESKD require renal 
replacement therapies such as dialysis (HD, perito-
neal dialysis [PD]) or kidney transplantation to survive. 
Patients with chronic kidney failure are at risk of mul-
tiple morbidities. These include cardiovascular dis-
ease, loss of muscle mass, and endothelial dysfunction. 
These patients also have significantly reduced physi-
cal function and exercise capacity. This has a nega-
tive impact on activities of daily living and 
independence2-4.

Physical activity is defined as any physical move-
ment produced by skeletal muscles that requires 
energy expenditure5. Physical activity has been shown 
to be essential for maintaining health and preventing 
disease progression in all populations6, including 

patients with ESKD treated with hemodialysis7. Even 
low levels of physical activity are inversely associated 
with the risk of death in people with kidney disease8. 
Importantly, regular physical activity is beneficial at all 
stages of kidney disease, improving physical fitness, 
muscle strength, and health-related quality of life9. 
However, people with HD are less physically active 
than healthy controls of the same age10. Meanwhile, 
physical inactivity increases with time and disease 
severity11. Long periods of inactivity have been associ-
ated with an increased risk of all-cause mortality in 
HD patients12,13.

The term “kinesiophobia” was first used by Kori 
et al. to describe the fear of movement due to low 
back pain. Kinesiophobia is not only associated with 
low back pain, but also with many chronic condi-
tions14-16. Patients with kinesiophobia tend to avoid 
physical activity because it may cause pain or harm17. 
This avoidance behaviour can lead to a vicious cycle 
of immobility18,19.

Kinesiophobia is associated with adverse outcomes 
in several conditions, but has not been studied in 
patients with ESKD. The main aim of this study was 
to investigate kinesiophobia and physical activity lev-
els in HD patients. We hypothesized that low levels of 
physical activity in HD patients would be directly 
related to kinesiophobia.

Method

Study design and population

The study included patients with ESKD who were 
being followed at the Nephrology Department of 
Health Sciences University Umraniye Teaching and 
Research Hospital in Istanbul, Turkey. Patient enrol-
ment started in May 2023 and ended in August 2023. 
Inclusion criteria included patients with ESKD (estimated 
glomerular filtration rate = 15-30 mL/min/1.73 m2), aged 
18-90  years, who were able to give and understand 
informed consent and who had not previously received 
special instruction or support for physical activity. 
Uncontrolled HT (blood pressure > 180/110  mmHg), 
severe anemia (hemoglobin level < 7  mg/dL), active 
and proliferative diabetic retinopathy, symptomatic 
coronary artery disease (CAD), or cerebrovascular 
disease within 3  months before the study; patients 
with heart failure (New York Heart Association class III 
and IV), symptomatic or lethal arrhythmias, significant 
valvular disease, unassisted ambulation due to ortho-
pedic problems, and a history of cerebrovascular or 
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peripheral arterial disease were excluded. Patients 
with unstable chronic renal failure, including those 
with acute declines in renal function that were consid-
ered reversible, including those who would require 
renal replacement therapy within 6 months, and those 
who had an intravenous procedure or PD catheter, 
were also excluded.

Data collection

Patient data were collected by the research physician, 
and patients were interviewed using a face-to-face 
interview technique. A  personal information form, the 
Tampa Scale of Kinesiophobia (TSK), the International 
Physical Activity Questionnaire-short form (IPAQ-short 
form), and Beck Depression and Anxiety scales were 
administered to the patients. The forms took approxi-
mately 20-30  min to complete. Clinical, demographic, 
and personal information about each patient in the 
study was collected in the individual follow-up forms. 
Demographic and clinical information included age 
(years), sex, height (cm), weight (kg), body mass index 
(BMI) (body weight/height2  kg/m2), individual medical 
history, chronic diseases, and laboratory results.

This study was approved by the Ethics Committee 
of Umraniye Training and Research Hospital on 
25  May  2023 (B.10.1.TKH.4.34.H.GP.0.01/206), per-
formed in accordance with the Declaration of Helsinki, 
and reported in accordance.

Data tools

TSK

In 2011, Turkish validity and reliability tests of the 
scale were conducted by Tunca Yılmaz et al.20 The 
scale consists of 17 questions. Each question uses 
Likert scores ranging from 1 to 4, where 1 = “strongly 
disagree,” 2 = “disagree,” 3 = “agree,” and 4 = “strongly 
agree.” Total scores range from 17 to 68, with a high 
score indicating that the individual has a high fear of 
exercise. Individuals receive a minimum score of 17 
and a maximum score of 68, and the higher the score, 
the greater the fear of movement. A high score on the 
scale indicates that the person has a high level of 
kinesiophobia. The TSK was originally designed to 
measure fear of movement/(re)injury in people with 
pain. For the current study, minor adaptations were 
made to the original TSK for use in the population with 
ESKD. For pain-specific statements, the word ‘pain’ 
was replaced by “health problems.”

IPAQ

The IPAQ is an internationally validated and reliable 
questionnaire21 designed to measure physical activity 
and sedentary behaviour in adults, with short and long 
forms. Turkish validity and reliability studies have been 
conducted and validated22. In our study, we adminis-
tered the short form of the IPAQ to our patients. In the 
questionnaire, the criterion was that physical activities 
should be performed for at least 10 min at a time. The 
IPAQ asks about the duration of walking, sitting for a 
day, moderate physical activity, and vigorous physical 
activity in the last week. The total physical activity 
score (TPSAS) (metabolic equivalent of task [MET]-
min/week) is calculated by converting the vigorous, 
moderate, and walking times into METs corresponding to 
the basal metabolic rate (1 MET = 3.5  mL/kg/min) 
using the following calculations:

–	 Walking score (MET-min/hf) = 3.3 (×) Walking 
time (×) walking days

–	 Moderate vigorous activity score (MET-min/hf) = 4.0 
(×) Moderate vigorous activity duration (×) moder-
ate vigorous activity days

–	 Vigorous activity score (MET-min/hf) = 8.0 (×) 
Duration of vigorous activity (×) days of vigorous 
activity

–	 TPSAS = Walking (+) moderate activity (+) vigor-
ous activity score

–	 Resulting level of physical activity
–	 Not physically active’ if TFAS <600 METs
–	 Low level of physical activity’ if TFAS = 600-3000 

METs
–	 TFAS ≥ 3000 METs is defined as ‘adequate 

physical activity’.

Beck depression scale

It was developed by Beck et al. in 1961. The validity 
and reliability study of the scale in Turkey was con-
ducted in 198923. The scale assesses depression’s 
cognitive, emotional, and somatic symptoms. The 
scale consists of 21 items, each of which contains four 
self-reported statements. Scale items are scored as 
0-3 points. The total depression score is obtained by 
summing the item scores. A high score on the scale 
indicates a high level of depression symptoms. 
According to the scoring system, 0-9 is considered as 
minimal or none, 10-16 as mildly depressed, 17-29 as 
moderately depressed, 30 and above as severely 
depressed23.
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Beck anxiety scale

This measures the frequency of anxiety symptoms 
experienced by the individual. It is a self-report scale 
consisting of 21 Likert-type items scored from 0-3. An 
individual’s total score increases with their level of 
anxiety. It was developed by Beck et al.24. A  validity 
and reliability study has been carried out in our coun-
try25. A  score between 0 and 7 on the scale is con-
sidered minimal anxiety/normal, between 8 and 15 is 
considered mild anxiety, between 16 and 25 is con-
sidered moderate anxiety, and between 26 and 63 is 
considered severe anxiety.

Statistical analyses

Data were analyzed using the statistical software 
the Statistical Package for the Social Sciences ver-
sion 22 Chicago, IL, USA). Continuous variables were 
evaluated for the distributional assumption of normal-
ity using Shapiro-Wilk test. Continuous variables are 
expressed as mean ± standard deviation. Student’s 
t-test was used to compare means for continuous 
variables with normal distribution, while Mann-Whit-
ney U test was used for continuous variables with 
non-normal distribution. Categorical data were 
expressed as numbers (percentage), and Pearson’s 
χ2 or Fisher’s exact test was used to analyze categori-
cal variables. In conducting univariate analyses, the 
following factors were considered: age, gender, BMI, 
dialysis period, DM, HT, CAD, congestive heart failure 
(CHF), depression score, anxiety score, TSK score, 
alkaline phosphatase (ALP), and Ktv/urea reduction 
ratio. Linear regression analysis was performed to 
identify independent predictors of MET value using 
these factors. A  receiver operating characteristic 
(ROC) analysis was carried out to determine the TSK 
score that was the best indicator of MET status (MET 
≥ 600). A significance level of < 0.05 was accepted 
on the basis of the p value.

Results

This cross-sectional study involved 227  patients 
were included in the study, 152 (67%) were male, and 
75 (33%) were female. The mean age of the patients 
was 59.5 ± 15.8 years. The median duration of dialysis 
was 4.0 (1.0-8.0, interquartile range) years. The mean 
BMI of the patient group was 25.6 ± 5.5. General 

demographics of the study population are shown in 
table 1.

A comorbidity analysis of the study population 
showed that the individuals had a prevalence of sev-
eral medical conditions. More specifically, 48.9% of 
the patients had HT, while 29.5% of the patients had 
been diagnosed with DM. 8.8% of the cases had CHF, 
16.8% had hyperlipidemia, and 7.9% had CAD. We 
found hypothyroidism as a comorbidity in 1.8% of the 
study population. The physical activity level of the 
study group was 931.1 ± 1.903 MET. The TSK was 
38.3 ± 9.3, the depression score was 11.6 ± 9.6, and 
the anxiety score was 11.3 ± 10.8.

The study population is divided into two groups 
according to the physical activity score in table  2. 
Thus, while age and dialysis duration were signifi-
cantly lower in Group  1, TSK score and MET level 
were higher in Group 2.

The laboratory parameters of the patients are shown 
in table 3. According to table 3, it was determined that 
the ALP levels of the subjects with low physical activ-
ity levels were higher than those of the other group (p 
= 0.014).

Table 1. General demographics of the study population

Variables Hemodialysis patients (n = 227) (%)

Age, years 59.5 ± 15.4

Sex (female) 75 (33.0)

Dialysis duration, years 6.4 ± 6.8

BMI 25.6 ± 5.5

DM, n (%) 67 (29.5)

HT, n (%) 111 (48.9)

CHF, n (%) 20 (8.8)

HL, n (%) 38 (16.8)

CAD, n (%) 18 (7.9)

Hypothyroidism, n (%) 4 (1.8)

MET score 297.0 (0.0‑1176.8)

TSK score 38.3 ± 9.3

Beck depression scale score 10.0 (5.0‑16.3)

Beck Anxiety Scale score 8.5 (3.0‑16.3)

Mean ± standard deviation, numbers and percentage, median and IQR. BMI: body 
mass index; DM: diabetes mellitus; HT: hypertension; CHF: congestive heart failure; 
HL: hyperlipidemia; CAD: coronary heart disease; MET: metabolic equivalent; 
TSK: tampa scale of kinesiophobia; IQR: interquartile range.
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In the univariate and linear multiple regression anal-
ysis performed to find independent variables affecting 
MET, age (p < 0.001), dialysis duration (p = 0.003), 
and TSK score levels (p < 0.001) were found to be 
independent predictors (Table 4).

In the ROC analysis performed to find the TSK 
score value that best shows MET ≥ 600, it was deter-
mined that TSK score > 39 was the best value show-
ing this value with 76.8% sensitivity and 62.5% 
specificity (Fig. 1).

Discussion

The main purpose of this study was to investigate 
the relationship between kinesiophobia and physical 
activity levels in HD patients and to find the factors 
that may cause low physical activity levels and kine-
siophobia. As a result of our study, we showed that 
kinesiophobia is significantly associated with low 
physical activity levels in HD patients.

Various patient populations, including those with 
cardiovascular, musculoskeletal, rheumatological, and 
pulmonary diseases, have studied the relationship 

between kinesiophobia and physical activity levels26-28. 
Our study is the first to assess the impact of kinesio-
phobia on low physical activity levels in HD patients. 
Evidence from studies of other medical conditions 
suggests that high levels of kinesiophobia are moder-
ately associated with low levels of physical activity, 
especially when self-reported physical activity scales 
are used. It has been suggested that this association 
may be the result of automatic processes that are 
self-reinforcing and should not be overlooked. How-
ever, there is a lot of variation between studies, and 
there is not enough evidence from objective measures 
of physical activity to say for sure that this is a link. 
The results show that kinesiophobic patients have 
only a moderate risk of not being more physically 
active than other patients. Therefore, more evidence 
is needed to determine the impact of kinesiophobia 
on therapeutic decisions when aiming to reduce phys-
ical inactivity. To confirm these findings and to 

Table 2. Comparison of study groups based on physical activity 
scores

Variables Group 1
(MET < 600)
(n = 145) (%)

Group 2
(MET ≥ 600)
(n = 82) (%)

p

Age (years) 62.8 ± 13.7 53.8 ± 16.7 < 0.001b

BMI 25.7 ± 5.5 25.5 ± 5.5 0.885b

Gender (female) 50 (66.7) 25 (33.3) 0.539a

DM, n (%) 49 (33.8) 18 (22.0) 0.070a

HT, n (%) 70 (48.3) 41 (50.0) 0.803a

CHF, n (%) 16 (11.0) 4 (4.9) 0.116a

HL, n (%) 21 (14.4) 23 (28.0) 0.190a

CAD, n (%) 12 (8.3) 6 (7.3) 0.797a

Hypothyroidism, n (%) 2 (1.4) 2 (2.4) 0.560a

Dialysis duration (years) 5.0 (1.0‑10.8) 3.0 (1.0‑7.0) 0.035c

TSK score 37.0 (31.0‑43.8) 42.0 (40.0‑46.0) < 0.001c

Beck depression scale 
score

10.0 (6.0‑17.0) 8.0 (4.0‑13.0) 0.035c

Mean ± standard deviation, numbers and percentage, median and IQR. 
aχ2 test. 
bStudent t test. 
cMann Whitney U test p < 0.05. 
BMI: body mass index; DM: diabetes mellitus; HT: hypertension; CHF: congestive 
heart failure; HL: hyperlipidemia; CAD: coronary heart disease; TSK: tampa scale of 
kinesiophobia; MET: metabolic equivalent of task; IQR: interquartile range.

Table 3. Laboratory parameters of study participants

Variables Physical 
activity 

score low 
(MET < 600)

(n = 145)

Physical 
activity score
normal‑high 
(MET ≥ 600)

(n = 82)

p

CRP, mg/dL 29.6 ± 27.8 63.1 ± 211.7 0.490a

LDH, U/L 201.3 ± 76.5 230.2 ± 99.4 0.402a

Phosphorus, mg/dL 5.1 ± 1.8 5.1 ± 1.4 0.821a

Albumin, g/dL 3.9 ± 0.4 4.0 ± 0.5 0.088a

HDL, mg/dL 39.9 ± 12.4 39.9 ± 12.1 0.991a

Triglyceride, mg/dL 166.1 ± 115.3 166.4 ± 75.8 0.987a

AST, U/L 14.5 ± 9.6 14.5 ± 16.1 0.995a

ALT, U/L 13.4 ± 8.5 12.5 ± 7.1 0.896a

PTH, pg/mL 315.0 
(201.0‑455.0)

268.0 
(137.0‑586.3)

0.347b

Calcium, mg/dL 8.5 (8.0‑9.1) 8.6 (8.1‑9.1) 0.833b

LDL, mg/dL 77.4 
(60.0‑103.0)

88.5 
(68.3‑123.3)

0.384b

Alkaline phosphatase, 
U/L

109.0 
(79.0‑166.0)

79.0 
(64.0‑156.8)

0.014b

KTV/URR 0.02 
(0.02‑1.77)

0.02 
(0.02‑1.87)

0.100b

Mean ± standard deviation, numbers and percentage, median and IQR. 
aStudent t test. 
bMann Whitney U test, p < 0.05. 
CRP: the C‑reactive protein; LDH: lactate dehydrogenase; PTH: parathyroid 
hormone; HDL: high‑density lipoprotein; LDL: low‑density lipoprotein; AST: aspartate 
aminotransferase; ALT: alanine aminotransferase; KTV/URR: dialysis efficiency/urea 
reduction ratio; MET: metabolic equivalent of task; IQR: interquartile range.
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understand the factors and mechanisms that influence 
the potential relationship between kinesiophobia and 
physical activity, further studies using instrumented 
physical activity measures are needed26-28.

The possible mechanisms underlying the relation-
ship between kinesiophobia and physical activity lev-
els in dialysis patients are not fully understood. 
However, some of the possible mechanisms are fear 
of injury, decreased self-efficacy, and avoidance 
behaviors. Kinesiophobia is an excessive and irratio-
nal fear of movement that can lead patients to avoid 
activities that may cause injury or re-injury29. This fear 
can prevent patients from participating in physical 
activity, resulting in lower levels of physical activity30. 
Patients with high levels of kinesiophobia may lack 
confidence in performing physical activities safely and 
effectively, which can lead to lower levels of physical 
activity31. Kinesiophobia is associated with the promo-
tion of avoidance behaviors, which may contribute to 
reduced participation in physical activity29. These find-
ings suggest that kinesiophobia may negatively affect 

patients’ ability to engage in physical activity, which 
may indirectly affect their overall physical activity lev-
els. The use of device-based physical activity mea-
sures may help to clarify the relationship between 
kinesiophobia and physical activity levels30.

Physical activity is generally considered safe for 
dialysis patients. There are no significant risks associ-
ated with it. Indeed, regular physical activity is associ-
ated with better outcomes for dialysis patients, 
including lower mortality and better cardiovascular 
health30-32. However, there are some potential risks 
associated with physical activity in dialysis patients, 
such as injury, hypotension, and muscle cramps33. 
Patients with comorbidities such as cardiovascular 
disease, diabetes, or peripheral vascular disease may 
be at a higher risk of complications during physical 
activity and should be monitored closely33. In addition, 
patients with a history of falls or balance problems 
may be at higher risk of falls during physical activity 
and should have appropriate precautions in place33. 
In general, the benefits of physical activity in dialysis 
patients outweigh the potential risks. Healthcare pro-
viders should encourage patients to participate in 
regular physical activity as part of their treatment plan.

In our study, we found that levels of physical activity 
decreased with age. There have been studies that 
have investigated the relationship between aging and 
the level of physical activity in dialysis patients. The 
study by Lucas et al. investigated physical endurance 

Table  4. Factors affecting MET levels in study participants: 
univariate and multiple regression analysis

Variables Univariate 
analysis

Multivariate analysis

β p* Beta OR (95% CI) p**

Age –39.4 0.008 –31.3 –47.4 to  –15.1 < 0.001

Sex (female) –661.9 0.013

BMI –9.6 0.688

Dialysis duration –55.2 0.003 –57.2 –94.5 to –19.9 0.003

DM –514.6 0.063

HT –305.4 0.228

CAD –195.9 0.676

CHF –589.4 0.187

Beck depression 
scale score

–22.2 0.107

Beck anxiety scale 
score

–10.4 0.384

TSK 70.7 < 0.001 49.9 23.9‑75.9 < 0.001

ALP –0.866 0.412

KTV/URR 41.2 0.754

*Pearson’s or Spearman’s correlation tests. 
**Multiple linear regression analysis. 
ALP: alkaline phosphatase; BMI: body mass index; DM: diabetes mellitus; 
HT: hypertension; CHF: congestive heart failure; CAD: coronary heart disease; 
TSK: tampa scale of kinesiophobia; KTV/URR: dialysis efficiency/urea reduction ratio; 
MET: metabolic equivalent of task; OR: odds ratio; CI: confidence interval.

Figure 1. Receiver operating characteristic analysis for TAMPA value 
as a predictor of metabolic equivalent of task ≥ 60.
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in older adults receiving HD and examined the utility 
of accelerometer-derived step frequency variability as 
a potential measure of physical endurance in this 
population34. Another review by Nitta et al. discussed 
the management of physical function in elderly dialy-
sis patients and focused on preventing and improving 
frailty and disability in this population35. Furthermore, 
Johansen et al. looked at how active HD patients were 
compared to healthy, sedentary controls. They found 
that hemodialysis patients were less active than 
healthy, sedentary controls, and the difference was 
bigger in older people10. A review by Zhang et al. sum-
marized the role of physical activity in HD patients and 
highlighted the association between increased physi-
cal activity and reduced mortality in this population32. 
Finally, the study by Myers et al. evaluated the effect 
of a home-based exercise program on physical func-
tion and quality of life indices in HD patients in the 
elderly care setting36. These studies highlight an 
important area of research with implications for the 
management of frailty, disability, and mortality in dialy-
sis patients, particularly older adults.

In our study, there was an association between 
depression and anxiety and low levels of physical 
activity in people with HD. There have been many 
studies that have investigated the relationship between 
depression, anxiety, and physical activity in people 
with HD. Evidence suggests that depression and anxi-
ety may significantly affect physical activity in this 
population. For example, a preliminary study found 
that patients with ESKD who exercised regularly and 
did not miss too many exercise sessions had a reduc-
tion in depression, although there was no improve-
ment in anxiety with exercise37. Another study found 
that HD patients had more comorbidities and higher 
levels of anxiety and fatigue. Exercise reduced these 
symptoms38. In addition, a cross-sectional study found 
that physical function and depressive symptoms were 
independently associated with daily physical activity 
in ambulatory HD patients. This suggests that depres-
sion may contribute to reduced physical activity in this 
population39. In addition, a study of the effect of virtual 
reality exercises on anxiety and depression in HD 
patients showed that symptoms of anxiety and depres-
sion can be reduced by incorporating regular exer-
cise40. Finally, a study investigating the effect of 
exercising during dialysis on depression in prevalent 
hemodialysis patients found that exercising during 
dialysis can improve depression and physical perfor-
mance in this population41. These findings highlight 
the importance of addressing depression and anxiety 

in dialysis patients to promote physical activity and 
improve their overall well-being.

Limitations

One of the main limitations of our study is the small 
number of patients it included. Another limitation is 
that there is no long-term follow-up of the patients, 
and therefore, the long-term effects of the variables 
cannot be evaluated.

Conclusions

In our study, we found that the duration of being on 
dialysis treatment was associated with low physical 
activity. There is limited information on the effects of 
long-term dialysis treatment on physical activity. How-
ever, it is important for dialysis patients to remain 
physically active. Exercise has many benefits, includ-
ing improved physical function, muscle mass, and 
strength.

Physical activity is associated with better outcomes 
in HD patients, including improvements in physical 
fitness, muscle strength, and reduced risk of death33,42. 
This topic needs more research to fully understand 
the mechanisms behind the link between kinesiopho-
bia and the amount of physical activity in HD patients 
and to find out how kinesiophobia affects treatment 
decisions to increase physical activity.
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Impact of anterior cruciate ligament and medial collateral 
ligament injuries on medial unicompartmental knee 
arthroplasty outcomes
Impacto de las lesiones del ligamento cruzado anterior y del ligamento colateral medial 
en los resultados de la artroplastia unicompartimental medial de rodilla

Xincheng Yang# , Xiaole Wang# , Yeermaike Sairikebole , Xin Guo , Deren Li , Yongsheng Zhao ,  
Tiannan Chen , and Gang Meng*
Department of Orthopedics and Traumatology, Changji Hui Autonomous Prefecture Hospital of Traditional Chinese Medicine, Changji City, China
#These authors contributed equally and share first authorship. 

Abstract

Objective: The objective of the study is to evaluate clinical outcomes of mobile-bearing Oxford phase III unicompartmental 
knee arthroplasty (UKA) for medial unicompartmental knee OA with/without anterior cruciate ligament (ACL) and/or medial 
collateral ligament (MCL) injuries and assess minimum clinically important differences (MCIDs). Method: A total of 60 patients 
(70 knees) with anteromedial OA of the knee, treated between March 2020 and June 2022, were included in this retrospective 
study. Patients were divided into four groups: a no ligament injury group (n = 15; 15 knees), ACL injury group (n = 18; 18 
knees), MCL injury group (n = 12; 12 knees), and ACL + MCL injury group (n = 15; 25 knees). All surgeries were performed 
under general anesthesia using a medial parapatellar approach. The Oxford phase III unicompartmental knee prosthesis was 
implanted using bone cement. Post-operative rehabilitation included early mobilization, physical therapy, and pain management 
as part of an Enhanced Recovery After Surgery (ERAS) protocol. Pre-operative and post-operative data, including the Hospi-
tal for Special Surgery (HSS) scores and the American Knee Society Score (AKSS), were compared between the groups. 
Follow-up visits ranged from 15 to 36 months, with a mean of 28.3 months. The MCIDs for both the HSS and AKSS were also 
calculated and evaluated. Results: At the final follow-up, significant improvements in the HSS and AKSS scores were obser-
ved in all groups compared with pre-operative scores. The mean HSS score increased from 23.3 ± 5.2 preoperatively to 70.7 
± 8.2 postoperatively (p < 0.001), and the AKSS increased from 33 ± 5.35 preoperatively to 85.0 ± 5.35 postoperatively 
(p < 0.001). These results indicate significant improvements in knee function following UKA, regardless of ligament injury 
status. Conclusions: Oxford phase III UKA demonstrates good short-term efficacy for medial OA with concomitant ligament 
injuries. Larger multicenter studies with extended follow-up are needed to validate long-term outcomes.

Keywords: Unicompartmental knee arthroplasty. Oxford phase III unicompartmental knee prosthesis. Medial unicompartmental 
knee osteoarthritis. Functional score. Anterior cruciate ligament injury. Medial collateral ligament injury.

Resumen

Objetivo: Evaluar los resultados clínicos de la artroplastia unicompartimental de rodilla Oxford fase III con platillo móvil para 
la artrosis unicompartimental medial de rodilla con o sin lesiones del ligamento cruzado anterior (LCA) o del ligamento cola-
teral medial (LCM), y evaluar las diferencias clínicamente importantes. Método: Estudio retrospectivo en el que se incluyeron 
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Introduction

Osteoarthritis (OA) is a leading cause of disability 
worldwide, characterized by the progressive degen-
eration of articular cartilage, leading to pain, stiffness, 
and loss of function，with an estimated global preva-
lence of 3.8% in adults aged 30 years and older and 
about 8.1% in the Chinese population aged > 65 years, 
with over 50% of those affected suffering from uni-
compartmental destruction, which predominantly 
affects the medial compartment1. While total knee 
arthroplasty (TKA) has been the traditional treatment 
for end-stage knee OA, Recently, unicompartmental 
knee arthroplasty (UKA) has gained attention as an 
effective treatment for knee OA1-4. UKA offers several 
advantages, including less invasive surgery, faster 
recovery, and better preservation of knee kinemat-
ics. Despite its benefits, early-stage UKA has issues 
related to unclear indications, technological immatu-
rity, and defects in prosthetic design5-7, which lead to 
suboptimal therapeutic efficacy. However, with the 
maturation of surgical techniques and continuous 
improvements in prosthetic design, UKA has devel-
oped rapidly and has become the preferred treatment 
for unicompartmental knee OA. The advantages of 
UKA include minimal intraoperative trauma, less 
bleeding, a smaller osteotomy volume, shorter 

surgical duration, faster recovery, better joint proprio-
ception, and a greater range of motion8-10.

Although current UKA techniques focus on mini-
mally invasive approaches and computer-assisted 
navigation, the procedure requires highly accurate 
prosthesis placement and skilled surgical techniques. 
Pre-operative assessment is, therefore, crucial to 
avoid complications, such as liner dislocation, which 
may compromise the outcome of re-revision surger-
ies11-13. The Oxford phase III unicompartmental knee 
prosthesis (Zimmer Biomet, Warsaw, IN, USA) is com-
monly used in clinical practice. However, the role of 
co-existent ligament injuries, particularly anterior cru-
ciate ligament (ACL) and medial collateral ligament 
(MCL) injuries, in UKA outcomes remains a matter of 
clinical debate.

Conventionally, ACL and MCL injuries have been 
considered contraindications for UKA, particularly 
because ACL deficiency is associated with increased 
anterior tibial translation, altered knee kinematics, and 
compromised knee stability, which may lead to sub-
optimal UKA outcomes11,13. However, over the past 
decade, several studies have explored the possibility 
of expanding UKA indications to include ACL-deficient 
knees, with some reporting favorable short-  and 
medium-term outcomes14-16. These findings challenge 
the long-standing belief that ACL deficiency is an 
absolute contraindication for UKA. Despite these 
promising results, the impact of ACL and MCL injuries 

60 pacientes (70 rodillas) con artrosis anteromedial de rodilla, tratados entre marzo de 2020 y junio de 2022. Los pacientes 
se dividieron en cuatro grupos: sin lesión de ligamentos (n = 15; 15 rodillas), con lesión del LCA (n = 18; 18 rodillas), con 
lesión del LCM (n = 12; 12 rodillas) y con lesión del LCA y del LCM (n = 15; 25 rodillas). Todas las cirugías se realizaron bajo 
anestesia general mediante un abordaje pararrotuliano medial. Se implantó una prótesis de rodilla unicompartimental Oxford 
fase III con cemento óseo. La rehabilitación posoperatoria incluyó movilización temprana, fisioterapia y manejo del dolor como 
parte del protocolo de recuperación mejorada tras la cirugía (ERAS, Enhanced Recovery After Surgery). Se compararon los 
datos preoperatorios y posoperatorios entre los grupos, incluyendo las puntuaciones del Hospital for Special Surgery (HSS) 
y de la American Knee Society (AKSS). Las visitas de seguimiento variaron entre 15 y 36 meses, con una media de 28.3 
meses. También se calcularon y evaluaron las diferencias clínicamente importantes en las puntuaciones HSS y AKSS. 
Resultados: En el seguimiento final se observaron mejoras significativas en las puntuaciones HSS y AKSS en todos los 
grupos, en comparación con las puntuaciones preoperatorias. La puntuación media de la escala HSS aumentó de 23.3 ± 5.2 
antes de la operación a 70.7 ± 8.2 después de la operación (p < 0.001), y en la escala AKSS aumentó de 33.0 ± 5.35 antes 
de la operación a 85.0 ± 5.35 después de la operación (p < 0.001). Estos resultados indican mejoras significativas en la 
función de la rodilla tras la artroplastia unicompartimental de rodilla, independientemente del estado de la lesión ligamentosa. 
Conclusiones: La artroplastia unicompartimental de rodilla Oxford fase III muestra una buena eficacia a corto plazo para la 
artrosis medial con lesiones ligamentosas concomitantes. Se necesitan estudios multicéntricos más amplios y con un segui-
miento prolongado para validar los resultados a largo plazo.

Palabras clave: Artroplastia unicompartimental de rodilla. Prótesis de rodilla unicompartimental Oxford fase III. Artrosis 
unicompartimental medial de rodilla. Puntuación funcional. Lesión del ligamento cruzado anterior. Lesión del ligamento 
colateral medial.
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on UKA outcomes remains unclear due to the lack of 
large-scale studies and standardized criteria for 
assessing ACL/MCL damage. Moreover, although 
some studies have suggested that mobile-bearing 
UKA, such as the Oxford phase III prosthesis, may 
offer satisfactory results in patients with ACL and MCL 
injuries, a robust understanding of the influence of 
these injuries on functional recovery and long-term 
success is still lacking17. This study further discusses 
the intricacies of ACL-deficient knees in the context of 
UKA and provides the rationale behind the clinical 
considerations for ACL and MCL injury in knee arthro-
plasty18. The impact of co-existent ACL injury or MCL 
injury on patients’ post-operative recovery has been 
analyzed using primarily mobile-bearing Oxford uni-
compartmental knee prostheses and fixed-bearing 
Zimmer M/G prostheses14,15.

The role of co-existent ligament injuries, particularly 
ACL and MCL injuries, in UKA outcomes remains a 
matter of clinical debate. While traditionally consid-
ered contraindications for UKA, recent studies have 
suggested that UKA may be effective in patients with 
ACL and/or MCL injuries14-16. This study aims to con-
tribute to this debate by evaluating the early functional 
outcomes of UKA in patients with ACL and MCL 
injuries.

Method

General data

Between March 2020 and June 2022, 60 patients 
(70 knees) with medial unicompartmental OA of the 
knee were recruited for this retrospective study. Ethi-
cal approval for this study was obtained from the 
institutional review board (approval No.: MEC-
20240227-001). The patients were divided into four 
groups: a no ligament injury group (n = 15; 15 knees), 
ACL injury group (n = 18; 18 knees), MCL injury 
group (n = 12; 12 knees), and ACL + MCL injury 
group (n = 15; 25 knees). The no ligament injury 
group included patients with medial unicompartmen-
tal knee OA but without ACL or MCL injuries. The 
others were further divided based on the type of liga-
ment injury: (1) ACL injury only, confirmed by clinical 
assessment and magnetic resonance imaging (MRI); 
(2) MCL injury only, confirmed by clinical examination 
and MRI; and (3) ACL + MCL injury, confirmed by 
clinical assessment, MRI imaging, and intraoperative 
inspection. A clinical examination for ligament integ-
rity was performed first, and only patients with 

suspected ligament injuries, based on physical 
examination findings, underwent MRI before surgery 
(Fig. 1).

In this study, patients with KL grades II and III OA 
were also considered for UKA if they met the clinical 
criteria for surgery, such as significant knee pain and 
dysfunction that failed to respond to conservative 
treatments. Although UKA is typically indicated for KL 
grades III and IV OA, patients with KL grade II OA and 
MCL injuries were included if they exhibited significant 
knee pain and dysfunction that failed to respond to 
conservative treatments, as determined by clinical 
judgment. This reflected the clinical judgment that 
UKA could be beneficial for patients with early-stage 
OA but severe symptoms.

The inclusion criteria were as follows: (1) diagnosis 
of medial unicompartmental knee OA; (2) knee flexion 
greater than 90°, flexion contracture < 10° and varus 
deformity < 15° that could be corrected to the neutral 
position by external force; (3) eligibility for UKA or 
implantation of the Oxford phase III unicompartmental 
knee prosthesis; (4) confirmation of ACL and/or MCL 
injury through clinical assessment and pre-operative 
imaging (MRI); (5) follow-up of at least 6-month post-
surgery; and (6) patients were included if they were 
aged between 50 and 85  years, had a body mass 
index (BMI) of < 35 kg/m².

The exclusion criteria were as follows: (1) incomplete 
imaging data; (2) perfect alignment of medial and lat-
eral femoral condyles on a lateral X-ray; and (3) severe 
underlying diseases or inability to cooperate with treat-
ment. Patient selection strictly followed these criteria. 
The study included patients with ACL and MCL inju-
ries, which were traditionally considered contraindica-
tions for UKA. However, this study aimed to evaluate 
the outcomes of UKA in patients with these injuries, 
as the literature on this subject was limited, and this 
research could offer valuable insights. The control 
group consisted of 15 patients with no ligament inju-
ries, in line with the traditional indications for UKA.

Patients were screened strictly following the inclu-
sion and exclusion criteria. The diagnostic criteria for 
ACL injuries included a history of previous trauma, 
joint instability, a positive anterior drawer test, or 
Lachman test, MRI showing loss of ACL continuity 
and abnormalities in alignment and ultimate reliance 
on intraoperative visual inspection for confirmation of 
diagnosis. The diagnostic criteria for MCL injuries 
included a history of previous trauma, medial epicon-
dylar femoral tenderness, a positive lateral stress test, 
an X-ray of the knee in a stress position showing a 
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medial joint space width of > 6 mm, or an MRI show-
ing a break in the continuity of the ligament, with final 
reliance on intraoperative visual inspection for confir-
mation of diagnosis.

Surgical methods

All surgeries were performed under general anes-
thesia. A medial parapatellar incision of approximately 
12 cm was made, and the knee joint was exposed. The 
damaged cartilage was removed, and the femur and 
tibia were prepared for the implantation of the Oxford 
phase III unicompartmental knee prosthesis (Zimmer 
Biomet, Warsaw, IN, USA). The prosthesis was fixed 
using bone cement, and the range of motion and sta-
bility of the knee joint were verified intraoperatively and 
all procedures were carried out in compliance with the 
standard Oxford phase III unicompartmental knee 
prosthesis operating manual14.

Post-operative treatment and efficacy 
evaluation indicators

Post-operative treatment methods in all groups were 
consistent. Anti-infection, anticoagulation, and other 
symptomatic therapies were given routinely. Patients 

were allowed to engage in out-of-bed activities the day 
of, or the 2nd  day after, surgery. Enhanced Recovery 
After Surgery (ERAS) protocols, which aim to optimize 
recovery through multimodal perioperative care, were 
followed. The key components of the ERAS protocols 
included pre-operative counseling, optimal pain man-
agement, early mobilization, and nutritional support. 
These protocols have been shown to reduce post-oper-
ative complications, shorten hospital stays, and improve 
functional recovery19. Enhanced recovery strategies 
were implemented 1  week before and after surgery, 
including pre-operative education, use of short-acting 
anesthesia, and post-operative rehabilitation.

Follow-up strategy

Patients were followed up at multiple time points 
after surgery, specifically at 6  weeks, 3  months, 
6 months, 12 months, 24 months, and 36 months. All 
single knee joint functional results (including the Hos-
pital for Special Surgery [HSS] and American Knee 
Society Score [AKSS] scores) were primarily assessed 
at the 1-year visit to evaluate early functional recovery. 
However, follow-ups continued beyond 1 year to moni-
tor long-term outcomes and detect any complications, 
such as prosthesis loosening or functional decline, 
over a longer period.

Figure 1. Flow chart of patient recruitment and grouping. 
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Clinical functional evaluation

Knee function among the study participants was eval-
uated using the HSS20 and AKSS21 scoring systems. The 
HSS scoring system comprised three components: a 
pain score, a functionality score, and a satisfaction 
score. There were two components of the AKSS scoring 
system: a pain score and a functionality score. These 
scores can be estimated based on the patient’s condi-
tion to determine their pain, functional status, and satis-
faction with treatment. In clinical practice, the evaluation 
was conducted by two physicians on the team. When 
there were disagreements in the evaluation, the final 
decision was made by a third senior physician.

Imaging evaluation

Standard anteroposterior and lateral X-ray images 
were obtained preoperatively. The lateral X-ray images 
were assessed for proper alignment, ensuring perfect 
alignment of the medial and lateral femoral condyles. 
The radiological evaluation focused on the following 
key criteria: (1) joint space narrowing, (2) presence of 
osteophytes, and (3) joint deformity. These features 
were used to assess the severity of OA and were cor-
related with clinical findings and MRI results where 
necessary, and all imaging was performed using a 
Siemens SOMATOM Definition AS+ CT scanner (Sie-
mens Healthineers, Erlangen, Germany).

Statistical methods

Statistical analysis was conducted using SPSS ver-
sion 20.0 (IBM Corp, Armonk, NY, USA). Measurement 
data were expressed as  mean ± standard deviation 
(SD), and the normality of the data distribution was 
verified using the Kolmogorov-Smirnov test. For inter-
group comparisons, an independent sample t-test was 
used to assess differences between the groups (no 
ligament injury, ACL injury, MCL injury, and ACL + MCL 
injury groups). For intra-group comparisons, a  paired 
t-test  was used to evaluate changes in functional 
scores (HSS and AKSS) before and after surgery.

Results

Baseline characteristics

A total of 60  patients (70 knees) with medial uni-
compartmental osteoarthritis (OA) of the knee treated 

between March 2020 and June 2022 were included in 
this retrospective study. Patients were divided into 
four groups: a no ligament injury group, ACL injury 
group, MCL injury group, and ACL + MCL injury group, 
as detailed in table 1.

The no ligament injury group (n = 15; 15 knees) 
consisted of 2 men and 13 women, aged 51–85 years, 
with a mean age of 67.7 ± 7.5 years and a mean body 
mass index (BMI) of 28.01 ± 3.3 kg/m². The ACL injury 
group (n = 18; 18 knees) had a mean age of 66.1 ± 
6.8 years, with a mean BMI of 28.2 ± 3.1 kg/m². The 
MCL injury group (n = 12; 12 knees) had a mean age 
of 64.5 ± 5.2  years, with a mean BMI of 27.5 ± 
3.0  kg/m². The ACL + MCL injury group (n = 15; 25 
knees) had a mean age of 66.9 ± 6.0  years, with a 
mean BMI of 28.3 ± 3.4 kg/m².

Preoperative and postoperative score 
changes

According to the Kellgren–Lawrence (KL) classifica-
tion of OA, grades II, III, and IV were identified across 
the groups, assessing the severity of OA in the knee 
joint as a whole, not specifically in the medial com-
partment. The mean pre-operative HSS score among 
participants ranged from 6.80 to 7.12, and the mean 
pre-operative AKSS was between 25.9 and 33.2 
across groups, as shown in table  1. No statistically 
significant differences were found between the groups 
in terms of age, gender, BMI, or KL grade, suggesting 
their comparability (p > 0.05).

Complications

All participants received complete 1-year follow-ups, 
with a range of 15-36 months and a mean duration of 
28.3 months. Functional results and clinical outcomes 
were assessed based on the 1-year follow-up, with 
additional exploratory data from later follow-up peri-
ods included for long-term assessment. During the 
follow-up, 1  patient in the no ligament injury group 
continued to experience knee pain and discomfort 
3 months after surgery. After re-admission, the patient 
received traditional Chinese medicine treatment, 
including acupuncture and herbal medicine formulated 
to reduce inflammation and promote healing, which 
resulted in symptom improvement within 2 weeks and 
no further discomfort thereafter. No complications 
(e.g., liner detachment or joint failure) were reported 
in any patient.
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At the final follow-up, no statistically significant dif-
ferences in the HSS scores were found between 
the four groups (mean difference range: −0.95 to 
1.12; p = 0.21) or in their clinical and functional AKSSs 
(mean difference range: −1.24 to 1.58; p = 0.82), as 
shown in table  2. The post-operative HSS score 
increased from 23.3 ± 5.2 preoperatively to 70.7 ± 8.2 
postoperatively in the no ligament injury group 
(p < 0.001), from 24.0 ± 7.0 to 71.2 ± 6.4 in the ACL 
injury group (p < 0.001), from 23.5 ± 6.5 to 68.3 ± 8.2 
in the MCL injury group (p < 0.001), and from 24.1 ± 
5.3 to 68.0 ± 7.3 in the ACL + MCL injury group 
(p < 0.001). Similarly, the post-operative AKSSs score 
increased from 33 ± 5.35 preoperatively to 85.0 ± 5.35 
postoperatively in the no ligament injury group 
(p < 0.001), from 28.5 ± 4.9 to 78.2 ± 4.8 in the ACL 
injury group (p < 0.001), from 26.8 ± 5.1 to 77.5 ± 4.6 
in the MCL injury group (p < 0.001), and from 25.9 ± 
5.6 to 76.9 ± 4.9 in the ACL + MCL injury group 
(p < 0.001), as shown in table 3. The changes in the 
HSS and AKSS scores exceeded the MCID thresholds 
for knee arthroplasty in all groups, indicating clinically 
meaningful improvements.

In a correlation analysis, the presence of ACL injury 
had no significant impact on the treatment of degen-
erative changes in the medial compartment of the 
knee with UKA (p > 0.05).

Discussion

This study demonstrated that the presence of ACL 
and/or MCL injuries did not significantly affect the 
short-term functional outcomes of mobile-bearing 
Oxford phase III UKA in patients with medial unicom-
partmental knee OA. Both the HSS and AKSS 
scores showed significant improvement following 
surgery, indicating good short-term functional out-
comes regardless of the ligament injury status. These 

findings suggest that UKA can be effectively per-
formed in patients with medial OA and concomitant 
ligament injuries, providing valuable insights into the 
potential for this procedure in a broader patient 
population.

With the evolution of minimally invasive UKA tech-
niques, the procedure offers advantages such as 
smaller incisions, shorter surgical duration, less intra-
operative bleeding, and faster recovery compared 
with total knee arthroplasty (TKA)22. However, strict 
pre-operative assessment is essential to identify 
appropriate candidates and exclude contraindications. 
Notably, patients with significant lateral compartment 
cartilage degeneration or joint deformities are typically 
recommended for TKA rather than UKA23. Although 
we performed a thorough pre-operative assessment 
of both medial and lateral compartments, the final 
decision regarding UKA versus TKA was made intra-
operatively based on the actual condition of the joint.

Our findings contrast with the classical literature, 
which has traditionally viewed ACL injury and MCL 
deficiency as contraindications for UKA. Previous 
studies have shown that ACL-deficient knees may suf-
fer from increased knee laxity, reduced stability, and 
compromised function following UKA24. However, in 
this study, we found that ACL injury did not signifi-
cantly affect the functional outcomes or knee stability 
in the short and medium term after UKA, which aligned 
with more recent studies suggesting no major differ-
ence in outcomes between ACL-deficient and ACL-
intact knees receiving UKA25–27. This discrepancy with 
traditional views could be due to the improved stability 
provided by the Oxford phase III prosthesis, which 
compensates for the lack of ligamentous support. In 
addition, the minimally invasive nature of UKA allows 
for faster recovery and better preservation of knee 
kinematics, which may contribute to the favorable out-
comes observed in this study. However, ligamentous 

Table 1. Demographic characteristics of the control and study groups

Demographic characteristic No ligament injury 
group (n = 15)

ACL group 
(n = 18)

MCL group 
(n = 12)

ACL + MCL 
group (n = 15)

p

Age (mean ± SD) 67.7 ± 7.5 66.1 ± 6.8 64.5 ± 5.2 66.9 ± 6.0 0.35

Gender (Male/Female) 2/13 8/10 2/10 1/14 0.07

BMI (mean ± SD) 28.01 ± 3.3 28.2 ± 3.1 27.5 ± 3.0 28.3 ± 3.4 0.89

Pre‑operative HSS score (mean ± SD) 7.07 ± 1.5 7.12 ± 1.4 6.83 ± 1.2 6.80 ± 1.3 0.71

Pre‑operative AKSS score (mean ± SD) 33.2 ± 4.7 28.5 ± 4.9 26.8 ± 5.1 25.9 ± 5.6 0.09

BMI: body mass index; SD: standard deviation; ACL: anterior cruciate ligament; MCL: medial collateral ligament; HSS: hospital for special surgery; AKSS: American Knee Society Score.
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Table 2. Comparison of knee functional scores between the two groups at the final follow‑up

Item No ligament injury Group  
(n = 15)

ACL Group 
(n = 18)

MCL Group 
(n = 12)

ACL + MCL Group  
(n = 15)

p 95% CI

HSS score 2.33 ± 0.82 2.40 ± 0.70 2.35 ± 0.65 2.41 ± 0.73 0.21 −0.95
～1.12

AKSS score 85.0 ± 5.35 78.2 ± 4.8 77.5 ± 4.6 76.9 ± 4.9 0.82 −1.24
～1.58

ACL: anterior cruciate ligament; MCL: medial collateral ligament; HSS: hospital for special surgery; AKSS: American Knee Society Score; CI: confidence interval.

Table 3. Intra‑group comparison of pre‑operative and post‑operative scores at the final follow‑up

Item Pre‑operative score 
(mean  ±  standard deviation)

Score at final follow‑up 
(mean  ±  standard deviation)

t p

No ligament injury group (HSS) 23.3  ±  5.2 70.7  ±  8.2 18.45 < 0.001

ACL group (HSS) 24.0  ±  7.0 71.2  ±  6.4 16.78 < 0.001

MCL group (HSS) 23.5  ±  6.5 68.3  ±  8.2 15.92 < 0.001

ACL + MCL group (HSS) 24.1  ±  5.3 68.0  ±  7.3 17.34 < 0.001

No ligament injury group (AKSS) 33  ±  5.35 85.0  ±  5.35 –14.666 < 0.001

ACL group (AKSS) 28.5  ±  4.9 78.2  ±  4.8 25.718 < 0.001

MCL group (HSS) 26.8  ±  5.1 77.5  ±  4.6 24.932 < 0.001

ACL + MCL group (HSS) 25.9  ±  5.6 76.9  ±  4.9 23.845 < 0.001

ACL: anterior cruciate ligament; MCL: medial collateral ligament; HSS: hospital for special surgery; AKSS: American Knee Society Score.

integrity remains a key factor in UKA, and although 
recent reports, including meta-analyses, suggest that 
ACL injury may not necessarily preclude successful 
outcomes in UKA, this issue is still open for debate, 
as shown in studies with follow-up periods ranging 
from 5 to 10 years28,29. Future studies should continue 
to explore this issue, especially considering the long-
term impact of ACL injury and MCL deficiency on UKA 
outcomes.

Importantly, there is growing evidence suggesting 
that ACL reconstruction may improve functional out-
comes and overall success rates in patients undergo-
ing UKA. Recent studies have shown that ACL 
reconstruction can significantly enhance knee stabil-
ity, reduce knee laxity, and potentially improve the 
functional results of UKA, particularly in patients with 
ACL-deficient knees30. This approach may help miti-
gate the adverse effects of ACL deficiency and con-
tribute to more favorable outcomes. As such, ACL 
reconstruction should be considered as part of the 
treatment plan for patients with ACL injury undergoing 
UKA, especially in those with more pronounced ACL 
damage or instability. Future research should investi-
gate the combined effect of ACL reconstruction and 

MCL deficiency and UKA to further understand 
how ACL restoration and MCL deficiency can opti-
mize knee function and improve long-term UKA 
outcomes.

The absence of a detailed evaluation of the different 
macroscopic states of ACL injury and MCL deficiency 
in this study could be a limitation. Although some 
studies have explored this aspect, we did not specifi-
cally assess the macroscopic state of ACL injury dur-
ing surgery, which could be a subject for future 
research. Therefore, future studies should focus on 
determining the exact condition of the ACL and its 
impact on long-term UKA outcomes.

Another important consideration in UKA is the con-
dition of the lateral compartment cartilage. Lateral 
compartment OA plays a significant role in UKA fail-
ure, as degeneration in the lateral compartment can 
compromise the overall function of the knee joint. This 
study specifically focused on patients with intact lat-
eral compartment cartilage. UKA is preferred over 
TKA in these cases because it is less invasive, and 
even if surgical failure occurs, a subsequent 
TKA can still be performed. This approach high-
lights the importance of maintaining healthy lateral 
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compartment cartilage to improve UKA outcomes and 
avoid complications.

While our study challenges traditional indications for 
UKA, it is important to note that these decisions were 
based on clinical judgment and specific criteria. Fur-
ther research is needed to validate our findings and 
determine the long-term outcomes of UKA in patients 
with MCL injuries and KL Grade  2 OA. One critical 
limitation of this study is the relatively short follow-up 
period. Although the study provides valuable insight 
into short-term functional recovery, the follow-up dura-
tion of 15-36 months is considered short in the context 
of arthroplasty studies, where 5-year follow-ups are 
often considered the minimum for assessing long-
term outcomes. Thus, although our findings provide 
important data on the early efficacy of UKA in patients 
with ACL and MCL injuries, further studies with longer 
follow-up periods are necessary to assess the durabil-
ity of these outcomes and the risk of complications, 
such as implant loosening and functional decline, over 
time.

Conclusions

Oxford phase III unicompartmental knee replace-
ment for medial unicompartmental knee OA compli-
cated by ACL or MCL injury can achieve good 
short-term efficacy. However, additional supporting 
evidence from multi-center and large-sample studies 
is still needed.
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Can a standardized blunt thoracic trauma score lead to lower 
length of stay and reduced intensive care unit admission for 
older patients?
¿Puede un puntaje estandarizado de traumatismo torácico contuso reducir la duración de 
la estancia hospitalaria y los ingresos a la unidad de cuidados intensivos en pacientes 
mayores?

Yesha Maniar1, Leo I. Amodu1, Patrizio Petrone1,2*, Armin Mahabadi1, Maria Bower1, Sakib Safi1,  
Gerard Baltazar1, Shahidul Islam3,4, and D’Andrea K. Joseph5

1Department of Surgery, NYU Grossman Long Island School of Medicine, NYU Langone Hospital Long Island, Mineola, New York; 2Chairman, 
Research Committee, Panamerican Trauma Society, Richmond, Virginia; 3Biostatistics Unit, Office of Academic Affairs, Northwell Health, New Hyde 
Park, New York; 4Division of Health Services Research, Department of Foundations of Medicine, Biostatistics Core, NYU Grossman Long Island 
School of Medicine, New York; 5Department of Surgery, NYC Health Hospitals, Elmhurst, New York. USA

Abstract

Objective: We implemented and evaluated a novel score called the blunt thoracic trauma score (BTTS) for the triage of chest 
wall injury (CWI) patients to optimize utilization of the intensive care unit (ICU). Method: Patients who sustained rib fractures 
after a traumatic injury (2014-2020) were identified in our trauma registry. Demographics and clinical characteristics were sum-
marized by cohorts pre- and post-BTTS implementation in 2017 and BTTS > 6 versus BTTS < 6 using median or frequency. 
Wilcoxon rank-sum test was used to compare continuous variables, and χ2 or Fisher’s exact test for categorical variables. 
Logistic/negative binomial regression models were used to find predictors for ICU admission and length of stay (LOS). 
Results: Six hundred thirty-three patients were included; 407 pre-BTTS/226 post-BTTS. Pre-BTTS: higher median ISS 
(p < 0.001), more rib fractures (p < 0.001). Post-BTTS: older (p < 0.001), more comorbidities (coronary artery disease 
[p = 0.028], hyperlipidemia [p = 0.004], pulmonary disease [p = 0.038]). Post-BTTS cohort had lower rates of ICU admission 
(p = 0.008), shorter ICU-LOS (p < 0.001), and Hospital-LOS (p < 0.001). Post-BTTS cohort was associated with shorter 
Hospital-LOS after adjusting for other factors (p = 0.004). Conclusions: Implementation of a novel BTTS for triage of CWI 
was associated with decreased ICU admission rates and shorter ICU-LOS and Hospital-LOS. The decreased Hospital-LOS 
persisted even after controlling for other factors.

Keywords: Chest wall injury. Blunt. Admission. Critical care. Thoracic trauma. Triage.

Resumen

Objetivo: Implementamos una nueva escala, denominada Blunt Thoracic Trauma Score (BTTS), para la clasificación de 
pacientes con lesiones de la pared torácica con el fin de optimizar la utilización de la unidad de cuidados intensivos (UCI). 
Método: Identificamos pacientes con fracturas costales después de una lesión traumática (2014-2020). Las características 
demográficas y clínicas se resumieron por cohortes antes y después de la implementación de BTTS en 2017, y BTTS > 6 
frente a BTTS ≤ 6. Se utilizó la prueba de suma de rangos de Wilcoxon para comparar las variables continuas y las pruebas 
de χ2 o exacta de Fisher para las variables categóricas. Se utilizaron modelos de regresión logística/binomial negativa para 
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Introduction

Chest wall injury (CWI) continues to be a major 
source of morbidity and mortality in trauma for the 
older patient. Patients often require admission to the 
intensive care unit (ICU) for monitoring and manage-
ment of respiratory status. However, admission of all 
or most CWI patients to a higher level of care is nei-
ther practical nor a good use of resources.

Prior studies have sought to determine prognostic 
factors for morbidity, such as more ventilator days and 
mortality, in patients with CWI1,2. One of the early pro-
ponents of a standardized scoring system for chest 
trauma was Pape et al.3 who highlighted the limita-
tions of predicting outcomes in chest trauma patients 
based on radiographic evidence of chest wall injuries, 
abbreviated injury score (AIS) and injury severity 
score (ISS), and proposed a scoring system which 
included physiologic parameters and demographics 
such as admission PaO2/FiO2 ratio and patient age. 
They concluded that a more comprehensive scoring 
system was superior in predicting CWI patient out-
come compared to AIS and ISS.

Thoracic trauma scores combining anatomical and 
physiologic parameters like the trauma thoracic score 
(TTS) have been used for severity assessment and 
prediction of outcomes in trauma patients with con-
comitant blunt chest trauma4. More recently-developed 
scoring systems such as the RibScore have evaluated 
whether rib fracture injury patterns may predict out-
comes5. The RibScore study determined that patients 
with increased number of rib fractures, flail chest, and 
bilateral rib fractures had increased rates of respira-
tory failure and pneumonia5.

Investigations on scoring systems have also incor-
porated pulmonary function on admission. The 
sequential clinical assessment of respiratory function 
(SCARF) score incorporates vital capacity (VC), 

respiratory rate, pain, and cough, and found that 
patients with higher scores had longer ICU length of 
stay (LOS), and increased rates of pneumonia6.

While these scores were used to predict CWI out-
comes, they are not utilitarian for resource allocation 
of ICU admission. We adapted prior scores and our 
anecdotal clinical experience of CWI criteria that 
seem to predict outcomes, to create a comprehensive, 
novel standardized triage score at our institution – we 
named this score the blunt thoracic trauma score 
(BTTS; Table 1). We implemented the score January 
01, 2017 to triage CWI, using a BTTS score of 6 or 
greater to define resource allocation of ICU admis-
sion. The BTTS includes components of demograph-
ics, number of rib fractures, indices of physiologic 
derangement (including a marker for post-injury shock 
state), and measures of pulmonary mechanics such 
as negative inspiratory force (NIF) and VC.

The aim of the current study was to evaluate BTTS 
as a standardized score for the triage of patients with 
CWI. Our primary objective was to determine whether 
implementation of BTTS led to decreased ICU admis-
sions and shorter ICU and hospital LOS. A secondary 
objective was to determine whether our pre-determined 
cutoff score of 6 or greater was the appropriate num-
ber to determine ICU need. We hypothesized that use 
of BTS would lead to fewer ICU admissions and 
shorter ICU and hospital LOS, and that our cutoff 
score of 6 or greater accurately predicted patients who 
ultimately required ICU admission.

Method

Study design

After obtaining Institutional Review Board approval, 
we retrospectively analyzed prospectively-accrued 
data from our trauma registry for patients suffering 

encontrar predictores de ingreso en la UCI y de la duración de la estancia. Resultados: Se incluyeron 633 pacientes: 407 
pre-BTTS y 226 post-BTTS. Grupo pre-BTTS: mayor Injury Severity Score (p < 0.001), más fracturas costales (p < 0.001). 
Grupo post-BTTS: edad avanzada (p < 0.001), más comorbilidad (enfermedad arterial coronaria [p = 0.028], hiperlipidemia 
[p = 0.004], enfermedad pulmonar [p = 0.038]). El grupo post-BTTS tuvo tasas más bajas de ingreso en la UCI (p = 0.008), 
y duración de la estancia en la UCI (p < 0.001) y duración de la estancia hospitalaria (p < 0.001) más cortas. El grupo post-
BTTS se asoció con una duración de la estancia hospitalaria más corta después de ajustar por otros factores (p = 0.004). 
Conclusiones: La implementación del nuevo BTTS para la clasificación de lesiones de la pared torácica se asoció con 
menores tasas de ingreso a la UCI y con estancias en la UCI y hospitalarias más cortas. La disminución de la duración de la 
estancia hospitalaria persistió incluso después de controlar otros factores.

Palabras clave: Lesión contusa de pared torácica. Admisión. Cuidados intensivos. Traumatismo torácico. Triaje.
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CWI from 2014 to 2020. From January 01, 
2014-December 31, 2016 (pre-BTTS), CWI patients 
were admitted to the ICU based on the trauma sur-
geon’s clinical judgment and without a standardized 
scoring system. In the post-BTTS period, defined as 
January 01, 2018-December 31, 2020, CWI patients 
were admitted to the ICU based on pre-determined 
cutoff of the BTS (T 6 triaged to ICU). The use of the 
BTTS score was initiated as a pilot study January 01, 
2017, and the use of BTS and was not established as 
a formal protocol until September 2017 of that year. 
As such, data from 2017 were excluded from our 
analysis. Of note, there was no significant change in 
our practice and management of patients with blunt 
thoracic trauma during the COVID-19 pandemic.

Inclusion and exclusion criteria

All patients who sustained rib fractures after blunt 
traumatic injury were identified in the NYULH-LI 
trauma registry based on year-appropriate Interna-
tional Statistical Classification of Diseases and 
Related Health Problems coding for that year for rib 
fractures. For the purpose of our study, CWI is defined 
as injury to the chest wall and/or thoracic viscera from 
a blunt mechanism. Exclusion criteria included 
age < 18 years old, patients meeting criteria for intu-
bation, or death on arrival to the trauma bay. Patients 

from calendar year 2017 were also excluded as dis-
cussed above. In the pre-BTTS period, patients were 
excluded due to incomplete information in the 
electronic medical record; and in the post-BTTS 
period, patients were excluded if they did not have a 
documented BTTS (Fig.  1). Exclusion rate from pre-
BTTS period was 27%, and from the post-BTTS 
period was 69%.

Score development and implementation

The BTTS was developed and implemented in 2017 
to triage patients admitted with CWI to the ICU. The 
score includes age, smoking history, number of rib 
fractures, the presence or absence of pulmonary con-
tusion identified on imaging, base deficit, VC, NIF, 
pain scale, and cough/mobility (Table  1). The BTTS 
was generated from previous published research 
demonstrating factors that predict worse outcomes for 
patients with rib fractures such as TTS, RibScore, and 
SCARF2-6. From TTS and RibScore, we included age, 
number of rib fractures, and rib fracture pattern 
(e.g. presence of flail chest), and pulmonary contu-
sions. From SCARF, we included pain, cough strength, 
and VC. Smoking history, base deficit, and NIF were 
included after several discussions amongst senior fac-
ulty. The integer values were allocated based on sur-
gical attending experience. The lowest score for a 

Table 1. Blunt thoracic trauma score

Blunt thoracic admission score

0 1 2 3

Age < 55 55‑64 65‑84 ≥ 85

Smoking history None 1 PPD smoker 1.5‑2 PPD smoker > 2 PPD smoker and/or 
home oxygen

Rib fractures identified by 
chest X‑ray or CT scan

None 1‑3 rib fractures ≥ 4 unilateral rib fractures 
OR > 5 total rib fractures

> 3 bilateral rib fractures or 
flail chest

Pulmonary contusion 
identified by chest X‑ray

None < 1 Lobe > 1 Lobe Bilateral lobe involvement

Base deficit ≤ –2 −2 to −4 –5 to –8 < –8

Vital capacity ≥15 cc/kg 10‑15 cc/kg 5‑10 cc/kg < 5 cc/kg

NIF ≤ –40 −39 to −20 –19 to –10 < –10

Pain scale 0 1‑4 5‑6 7‑10

Cough and mobility Strong cough, 
independently mobile, out 
of bed with no assistance

Weak cough, 
mobile but difficult 

alone

Throat clearing, needs 
assistance to move

No cough, pain with little 
movement

NIF: negative inspiratory force; NIF: negative inspiratory force; CT: computed tomography; PPD: packs per day; OR: odds ratio.
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patient is one with the highest score possible of 27. 
A cutoff score of 7 or greater was chosen to include 
a majority of higher values among the eight categories 
in the score. As part of the BTTS implementation, all 
patients with rib fractures were reviewed at table 
rounds to confirm that the BTTS had been used to 
guide triage to the appropriate location.

Patients with BTTS of 7 or higher were admitted to 
the ICU for respiratory monitoring such as measure-
ment of NIF and VC every 4  h, careful pain control, 
and strict pulmonary hygiene, while patients with a 
BTTS of 6 or lower were admitted to the regular floor 
if they had no other indications for admission to the 
ICU (e.g. traumatic brain injury requiring neurologic 
monitoring). The ICU attending ultimately decides 
which patients are admitted to the ICU, but with stan-
dardized practice, patients meeting BTTS criteria for 
ICU were universally accepted. Patients admitted to 
the ICU received multimodal pain management with 
an assortment of acetaminophen, gabapentin, metho-
carbamol, ketorolac, and opiates as needed. Their NIF 
and VC were monitored every four to 6 h by nursing and 
respiratory therapy, and physiotherapy was performed. 
Typical regular floor care consisted of use of the incen-
tive spirometry, daily ambulation out of bed, and multi-
modal pain control. BTTS was completed before 
admission by the admitting trauma team, which included 
physician assistants, residents, and attendings.

We do not have high-dependency or stepdown units 
at our institution. Patients requiring invasive analge-
sia, non-invasive mechanical ventilation, and high-
flow nasal oxygen do not require an ICU for admission 
at our hospital.

Definition of variables

For the BTTS, age is defined as the patient’s 
reported age in years at the time of presentation, and 

smoking history is based on packs per day. Rib frac-
tures and pulmonary contusions were identified on 
chest X-ray and/or computed tomography of the chest 
by the radiologist. Pulmonary contusions were consid-
ered more clinically significant if visible on chest X-ray 
or were multilobular and/or bilateral. Base deficit was 
obtained from an arterial blood gas. VC and NIF val-
ues were obtained by respiratory therapists, using 
incentive spirometry and a NIF meter. Pain scale and 
cough/mobility were qualified by the admitting team.

Data collection

Data for analysis were extracted from the Trauma 
Registry and from the Electronic Health Record (EHR) 
and entered retrospectively into RedCap. Trauma 
Registry records were reviewed to obtain information 
on demographics, comorbidities, mechanisms of 
injury, severity of injury, and outcomes (e.g. admission 
to ICU vs. admission to regular floor). Additional rel-
evant information, such as vital signs on presentation, 
ICU LOS, and disposition, was retrieved from the 
EHR. For patients sustaining a CWI from 2018-2020, 
BTTS reports were reviewed in the EHR and recorded.

Statistical analysis

Demographics and clinical characteristics were 
summarized by pre-versus post-BTTS and BTTS > 6 
versus BTTS Tsu cohorts using median (interquartile 
range) or frequency (percentage) as appropriate. Con-
tinuous variables were assessed for normality using 
formal statistical tests and visual plots such as histo-
grams and Q-Q plots. In general, the Wilcoxon rank-
sum test was used to compare continuous variables, 
and the χ2 or Fisher’s exact test was used for categori-
cal variables. Logistic regression models were used 
to find predictors for ICU admission. The model fit was 

Figure 1. Flowchart.
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assessed using Hosmer and Lemeshow goodness-of-fit 
test, Akaike information criteria, and c-statistic. LOS 
was not normally distributed; so, negative binomial 
regression models were used to analyze this variable. 
All analyses were performed using statistical analysis 
system 9.4, and a p < 0.05 was considered statistically 
significant.

Results

Demographics and comorbidities

A total of 633  patients (407 pre-BTTS, 226 post-
BTTS) met criteria for analysis. The post-BTTS cohort 
was older than the pre-BTTS cohort (median age 
80 vs. 77 years old; p < 0.001) and was more likely to 
be female (57.5% vs. 45.2%; p = 0.003). Patients in 
the pre-BTTS cohort had a higher median ISS (11 vs. 9; 
p < 0.001), a higher number of fractured ribs (4 vs. 3; 
p < 0.001), and higher rates of pneumothorax (18.4% 

vs. 11.2%; p = 0.018), hemothorax (10.9% vs. 5.8%; 
p = 0.034), and pulmonary contusion (19.3% vs. 5.4%; 
p < 0.001), compared to the post-BTTS cohort. How-
ever, the pre-BTTS cohort had fewer comorbidities 
with lower rates of coronary artery disease (16.6% vs. 
24.8%; p = 0.028), hyperlipidemia (33.5% vs. 46.8%; 
p = 0.004), and other pulmonary disease (not asthma 
or chronic obstructive pulmonary disease [COPD]) 
(4% vs. 8.4%; p = 0.038). The pre-BTTS cohort, 
although younger, had a higher rate of dementia 
(12.3% vs. 3.9%; p = 0.003) when compared to the 
post-BTTS cohort (Table 2).

Outcome comparisons pre- and post-BTTS 
implementation

Compared to the pre-BTTS cohort, the post-BTTS 
cohort had lower rates of ICU admission (42.5% vs. 
53.6%; p = 0.008), shorter median ICU LOS (2  vs. 
3 days; p < 0.001), shorter median hospital LOS (3 vs. 

Table 2. Demographics and clinical characteristics between 2014 and 2016 (Pre‑BTTS) and 2018‑2020 (Post‑BTTS) periods

Category 2014‑2016  
n = 407 (%)

2018‑2020  
n = 226 (%)

Overall  
n = 633 (%)

p1 Missing  
n

Demographics
Age (years)
Female gender

77.0 (61.0‑86.0)
184 (45.2)

80.0 (70.0‑88.0)
130 (57.5)

78.0 (64.0‑87.0)
314 (49.6)

< 0.001
0.003

0
0

Vitals
Systolic blood pressure
Diastolic blood Pressure
Mean arterial pressure
Heart rate on presentation
SpO2 on presentation (%)
PaO2 on initial presentation

142.0 (123.0‑163.0)
79.0 (70.0‑89.0)

100.0 (90.0‑111.0)
82.0 (71.0‑95.0)
97.0 (95.0‑98.0)

84.0 (72.0‑101.0)

143.0 (122.0‑162.0)
77.0 (67.0‑90.0)

100.0 (87.0‑112.0)
80.5 (69.0‑94.0)
97.0 (95.0‑98.0)
87.0 (75.0‑110.0)

142.0 (123.0‑163.0)
78.0 (68.0‑89.0)

100.0 (88.5‑112.0)
82.0 (70.0‑94.0)
97.0 (95.0‑98.0)
85.0 (73.0‑106.0)

0.624
0.272
0.649
0.177
0.866

0.2

10
10
21
82
17
286

Injury severity
Injury severity score
Glasgow coma scale on presentation

11.0 (9.0‑17.0)
15.0 (15.0‑15.0)

9.0 (4.0‑13.0)
15.0 (15.0‑15.0)

10.0 (8.0‑14.0)
15.0 (15.0‑15.0)

< 0.001
0.638

15
11

Comorbidities
NO. of comorbidities
Number of rib fractures
Ever smoked tobacco?
COPD
Hypertension
Hyperlipidemia
Coronary artery disease
Congestive heart failure
Chronic kidney disease
Asthma
Other pulmonary disease
Dementia
Pneumothorax
Hemothorax
Pulmonary contusion on initial imaging
Thoracic spine injury

3.0 (2.0‑5.0)
4.0 (2.0‑5.0)
135 (36.0)

23 (5.8)
244 (61.5)
133 (33.5)
66 (16.6)
37 (9.3)
21 (5.3)
26 (6.5)
16 (4.0)

49 (12.3)
74 (18.4)
44 (10.9)
78 (19.3)
66 (16.4)

3.0 (2.0‑5.0)
3.0 (2.0‑3.0)

73 (33.0)
20 (9.0)

103 (67.3)
72 (46.8)
38 (24.8)
18 (11.7)
15 (9.7)
6 (3.9)
13 (8.4)
6 (3.9)

25 (11.2)
13 (5.8)
12 (5.4)
30 (13.4)

3.0 (2.0‑5.0)
3.0 (2.0‑5.0)
208 (34.9)

43 (6.9)
347 (63.1)
205 (37.2)
104 (18.9)
55 (10.0)
36 (6.5)
32 (5.8)
29 (5.3)
55 (10.0)
99 (15.8)
57 (9.1)
90 (14.4)
96 (15.3)

0.06
< 0.001
0.463
0.133
0.202
0.004
0.028
0.406
0.058
0.239
0.038
0.003
0.018
0.034

< 0.001
0.314

95
10
37
12
83
82
83
82
82
83
82
82
8
7
6
7

Continuous data are presented as median (interquartile range), and categorical as frequency (percentage).
1p values are from the Wilcoxon rank‑sum test for continuous variables and χ2 or Fisher’s exact test for categorical variables. 
BTTS: blunt thoracic trauma score; COPD: chronic obstructive pulmonary disease.
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5 days; p < 0.001), fewer hospital-acquired infections 
(1.4% vs. 14.1%; p < 0.001), and lower rates of intuba-
tion (0.7% vs. 13.1%; p < 0.001). There was no statisti-
cally significant difference in mortality between the 
two cohorts. Only pre/post-BTTS implementation 
period (odds ratio [OR] [95% confidence interval 
(CI)] = 0.09 [0.01-0.92]; p = 0.042), and ISS (OR [95% 
CI] = 1.17 [1.11-1.24]; p < 0.0001) were significantly 
associated with intubation (Table 3).

Factors associated with hospital LOS

The post-BTTS cohort was associated with a shorter 
hospital LOS. Incidence rate ratio (IRR = 0.79 [0.67-
0.93]; p = 0.004). Age (IRR = 1.04 [1.01-1.06]; p = 0.001), 
ISS (IRR = 1.05 [1.04-1.06]; p < 0.0001), and the pres-
ence of other pulmonary disease (IRR = 1.55 [1.17-2.04]; 
p = 0.002) were associated with a longer hospital LOS.

Factors associated with ICU admission 
and ICU admission trend

Age (OR = 1.02 [1.01-1.03]; p = 0.01), ISS (OR = 1.17 
[1.13-1.22]; p < 0.0001), presence of other pulmonary 
disease (OR = 2.49 [1.01-6.14]; p = 0.047), and the 
presence of pulmonary contusion on imaging 
(OR = 2.65 [1.33-5.28]; p = 0.005), were associated 
with ICU admission (Table 4). C-statistic [95% CI] for 
the adjusted model was 0.77 [0.73, 0.81], Hosmer and 
Lemeshow goodness-of-fit χ2 = 8.9, p = 0.35. For ICU 
admissions, there was a downward trend from 55% in 
2014, 50.51% in 2015, and 52.53% in 2016. In 2018, 
there was a marked drop in CWI ICU admissions to 
14.29% in 2018; also lower, the CWI ICU admission 

rate was 43.50% in 2019 and 48.57% in 2020. The 
p-value for this decreased trend post-BTTS in CWI 
ICU admission rate is 0.008 (Fig. 2).

Optimal BTTS cutoff

The optimal cutoff for BTTS predicting ICU admis-
sion is 7, and this corresponds to a sensitivity of 0.87 
and a specificity 0.84 (Fig. 3). Increasing the cutoff to 
7 (i.e. BTTS ≤ 7 admitted to the regular floor) may 
better utilize resources, but this requires further study.

BTTS ≤ 6 versus BTTS > 6

Patients with a BTTS > 6 were older (mean age 
81.5 vs. 74.0 years; p < 0.001), had a higher median 
ISS (9 vs. 8; p = 0.003), longer median hospital LOS 
(4 vs. 2.5 days; p < 0.001), higher rates of and more 
extensive smoking history (13.9% vs. 4.1%; p = 0.038), 
and thoracic spine injuries (19.4% vs. 8.1%; p = 0.047) 
compared to patients with a BTTS ≤ 6.

Patients with a BTTS > 6 had higher rates of ICU 
admission (83.3% vs. 12.2%; p < 0.0001) and a longer 
median hospital LOS (4 vs. 2.5 days; p < 0.001) com-
pared to those with a BTTS ≤ 6 (Table 5) with IRR 
1.70 (1.26-2.29); p = 0.001). ISS was associated with 
a longer hospital LOS (IRR = 1.05 (1.02-1.07); p = 0.001) 
in the model. Only having a BTS > 6 was indepen-
dently associated with ICU admission (Table 6).

Discussion

CWI remains a significant cause of morbidity and 
mortality after blunt trauma. Patient management 

Table 3. Pre‑ and post‑BTS implementation comparison of outcomes

Outcomes Pre‑BTS Post‑BTS p

n Median (IQR) (%) n Median (IQR) (%)

ICU length of stay (d) 218 3 (2‑6) 96 2 (1‑3) < 0.001

Hospital length of stay (d) 404 5 (3‑9) 212 3 (2‑6) < 0.001

ISS 405 11 (9‑17) 213 9 (4‑13) < 0.001

Died 399 22 (5.5) 215 7 (3.3%) 0.208

Hospital acquired infection 397 56 (14.1) 216 3 (1.4%) < 0.001

Admitted to ICU 407 218 (53.6) 226 96 (42.5%) 0.008

Intubation 404 53 (13.1) 145 1 (0.7%) < 0.001

*Note that although median ISS is the same, the distribution is different look at IQR; the post BTS ISS scores are lower. 
IQR: interquartile range; BTS: ISS: injury severity score.
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involves identifying the appropriate level of care with 
allocation of resources for optimal outcomes. The pur-
pose of our study was to determine if the use of a 

Table 4. Factors associated with ICU admission in full sample

Factors Unadjusted Adjusted

OR (95% CI) p OR (95% CI) p

2018‑2020 versus 2014‑2016 0.64 (0.46‑0.89) 0.008 1.18 (0.74‑1.89) 0.481

Age 1.01 (0.99‑1.02) 0.075 1.02 (1.01‑1.03) 0.01

Female gender 0.91 (0.67‑1.24) 0.55 1.22 (0.79‑1.88) 0.369

Injury severity score 1.12 (1.09‑1.15) < 0.0001 1.17 (1.13‑1.22) < 0.0001

Ever smoked tobacco? 1.09 (0.78‑1.52) 0.631 0.98 (0.63‑1.53) 0.934

COPD 1.62 (0.86‑3.04) 0.137 1.82 (0.78‑4.27) 0.169

Hypertension 1.26 (0.89‑1.78) 0.195 1.04 (0.64‑1.71) 0.864

Hyperlipidemia 0.82 (0.58‑1.15) 0.249 0.78 (0.5‑1.22) 0.275

Coronary artery disease 1.26 (0.82‑1.94) 0.29 0.94 (0.54‑1.67) 0.843

Congestive heart failure 1.63 (0.92‑2.89) 0.093 1.39 (0.68‑2.83) 0.366

Chronic kidney disease 1.22 (0.62‑2.40) 0.572 1.55 (0.67‑3.57) 0.303

Asthma 1.26 (0.61‑2.58) 0.534 1.13 (0.5‑2.55) 0.775

Other pulmonary disease 1.89 (0.86‑4.13) 0.113 2.49 (1.01‑6.14) 0.047

Dementia 1.08 (0.62‑1.89) 0.787 0.95 (0.47‑1.92) 0.878

Pneumothorax 1.95 (1.25‑3.03) 0.003 1.09 (0.59‑2) 0.782

Hemothorax 2.82 (1.55‑5.14) < 0.001 1.35 (0.61‑3.01) 0.462

Pulmonary contusion on initial imaging 2.85 (1.75‑4.63) < 0.0001 2.65 (1.33‑5.28) 0.005

Thoracic spine injury 2.97 (1.85‑4.79) < 0.0001 1.69 (0.89‑3.18) 0.108

ICU: intensive care unit; CI: confidence interval; OR: odds ratio; COPD: chronic obstructive pulmonary disease.

Figure 2. Intensive care unit admission rate.

Figure  3. Receiver operating characteristic curve. The optimal cut-
off of blunt thoracic trauma score predicting intensive care unit 
admission is 7, which corresponds to a sensitivity = 0.87 and specificity 
= 0.84.



Y. Maniar et al.  Blunt thoracic trauma score

221

Table 6. Unadjusted and adjusted regression models for ICU admission

Factors Unadjusted Adjusted

OR (95% CI) p OR (95% CI) p

BTTS > 6 versus BTTS < 6 36.1 (14.2‑91.8) < 0.0001 94.84 (20.01‑449.55) < 0.0001

Age 1.04 (1.01‑1.07) 0.002 1.0 (0.94‑1.06) 0.87

Female gender 2.43 (1.24‑4.78) 0.01 3.25 (0.76‑13.86) 0.112

Injury Severity Score 1.09 (1.02‑1.17) 0.014 1.03 (0.88‑1.2) 0.736

Ever smoked tobacco? 1.08 (0.55‑2.13) 0.831 1.26 (0.31‑5.1) 0.743

COPD 2.74 (0.80‑9.33) 0.108 0.18 (0.02‑1.66) 0.131

Hypertension 2.03 (0.99‑4.16) 0.053 1.9 (0.39‑9.19) 0.425

Hyperlipidemia 1.10 (0.57‑2.13) 0.786 0.32 (0.08‑1.31) 0.112

Coronary artery disease 1.23 (0.57‑2.65) 0.593 2.17 (0.36‑13.09) 0.399

Congestive heart failure 3.49 (1.05‑11.54) 0.041 1.5 (0.14‑16.65) 0.742

Chronic kidney disease 1.13 (0.38‑3.42) 0.824 0.52 (0.06‑4.32) 0.547

Asthma 1.14 (0.22‑5.87) 0.873 6.25 (0.24‑166.42) 0.274

Other pulmonary disease 1.63 (0.49‑5.41) 0.422 0.73 (0.09‑5.8) 0.767

Dementia 0.55 (0.10‑3.08) 0.493 0.13 (0.01‑2.84) 0.194

Pneumothorax 3.08 (1.03‑9.27) 0.045 2.67 (0.42‑17.25) 0.301

Hemothorax 14.7 (1.84‑116.9) 0.011 9.68 (0.55‑169.32) 0.12

Pulmonary contusion on initial imaging 4.3 (0.86‑21.47) 0.075 8.16 (0.37‑177.9) 0.182

Thoracic spine injury 2.32 (0.87‑6.21) 0.093 1.58 (0.19‑12.98) 0.669

ICU: intensive care unit; CI: confidence interval; OR: odds ratio; COPD: chronic obstructive pulmonary disease.

Table 5. Descriptive outcomes by group

Outcomes BTTS > 6 BTTS < 6 p1

n Frequency (%) or 
median (IQR)

n Frequency (%) or 
median (IQR)

ICU admission 72 60 (83.3) 74 9 (12.2) < 0.0001

Mortality 69 2 (2.9) 72 0 (0) 0.238

Intubation 66 1 (1.5) 70 0 (0) 0.485

Hospital‑acquired infection 71 2 (2.8) 72 0 (0) 0.245

Hospital length of stay 69 4.0 (3.0‑6.0) 70 2.5 (1.0‑2.0) < 0.001

ICU length of stay 60 2 (1.0‑2.5) 9 2.0 (1.0‑2.0) 0.97

ICU: intensive care unit; IQR: interquartile range; BTTS: blunt thoracic trauma score.

standardized BTTS calculated from specific patient 
data, to include injury severity, demographic charac-
teristics, physiologic derangements, and pulmonary 
risk factors such as smoking (Table 1), was associated 
with fewer ICU admissions and shorter ICU and 

hospital LOS. Before the implementation of BTTS at 
our institution, decisions on the level of care for CWI 
patients were at the discretion of the attending sur-
geon. Although independent clinical judgment remains 
important, efficient triage of patients is essential.
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Our results demonstrate a marked decrease in ICU 
admission rates for CWI patients in the years after 
implementation of BTTS. In addition to the reduction 
in ICU admission rates, the ICU and hospital LOS 
were shorter in the post-BTTS compared to the pre-
BTTS period. Our current practice is to admit any 
patient with a BTTS of 7 or higher to the ICU after 
BTI. If the receiver operating characteristic (ROC) 
curve determined a value of 8 or higher for triage to 
the ICU had been used, even fewer patients would 
have been admitted to the ICU, resulting in an even 
lower ICU admission rate (Fig. 3).

Although injury severity demonstrated by ISS was 
higher in the pre-BTTS cohort, age and the presence 
of co-morbidities were higher in the post-BTTS cohort; 
the post-BTTS cohort was independently associated 
with a shorter hospital LOS. Although ISS was associ-
ated with a longer hospital LOS, so were age and the 
presence of other (non-asthma, non-COPD) pulmo-
nary diseases, which were more common in the post-
BTTS cohort. It is important to note that the pre-BTTS 
cohort had a higher rate of intubation compared to the 
post-BTTS cohort (13.1% vs. 0.7%; p < 0.001), and 
this could be due to the higher ISS in the pre-BTTS 
cohort (Table 3).

Factors found to be independently associated with 
higher rates of ICU admission were age, ISS, pres-
ence of other pulmonary diseases, and the presence 
of pulmonary contusion on imaging. Patients with a 
BTTS of 7 or greater were older, more severely injured, 
had higher rates of COPD, and also had higher rates 
of thoracic spine injuries. A BTTS of 7 or greater was 
used as the cutoff for ICU admission, and this is 
reflected in the ICU admission rate of 83.3% com-
pared to 12.2% in patients with a BTTS of 6 or less. 
The fact that some patients with a BTTS > 6 were not 
admitted to the ICU while others with a BTTS of 6 or 
less were admitted to the ICU may have been due to 
other issues, such as triaging of resources or physi-
cian discretion despite the BTTS protocol.

Since our implementation of BTTS and this analysis 
of our data, the Rib Injury Guidelines (RIG) were pub-
lished, providing a tool for triage of CWI patients to 
the ICU7. Compared to RIG, our BTTS provides more 
nuanced, individualized patient details with score 
components ranging from 0 to 37. Moreover, BTTS 
includes base deficit as a marker of shock state that 
may better inform the physiological derangement of 
the trauma patient. Although we have yet to perform 
a head-to-head analysis of BTTS versus RIG, the 
authors contend that BTTS is most adaptable to our 

institution’s (and similar institutions’) populations and 
more broadly assesses the trauma patient with CWI. 
A  key feature of BTTS, which differentiates it from 
previous scoring systems8 is the inclusion of data 
such as VC and NIF, which are valuable measures of 
respiratory mechanical function. In addition, the inclu-
sion of base deficit as a reflection of perfusion/shock 
state may help identify patients with increased risk of 
physiological deterioration. Several investigators have 
studied the importance of markers of pulmonary func-
tion as risk stratification in CWI patients and stated 
their association with secondary respiratory complica-
tions and outcomes9,10. We did not directly apply the 
RIBS or Battle scores to our patients and so cannot 
account for how this would compare; however, with 
the inclusion of functional parameters such as VC and 
NIF, we believe that important elements are added 
that allow more effective patient triage.

In addition, we included cough strength as part of 
BTTS. A strong cough is needed for airway clearance 
and forms the physiologic basis for high-frequency 
chest wall oscillation (HFCWO), an intervention which 
has been studied in CWI patients as well as other 
patient populations with favorable results11-15. In our 
population, HFCWO was not incorporated unless 
there was evidence of lung collapse. Patients are usu-
ally treated with incentive spirometry and ambulation 
where possible (MetaNeb®).

The ICU plays a critical role in the management of 
appropriately triaged CWI patients, and failed regular 
floor management has been associated with increased 
mortality in elderly CWI patients16. ICUs represent one 
of the largest cost centers in hospitals, with mechani-
cal ventilation constituting a significant proportion of 
that cost17,18. Preventing unplanned upgrades to the 
ICU for respiratory complications requiring intubation 
and mechanical ventilation, while obviating the need 
for unnecessary ICU admissions, requires a fine bal-
ance. Implementation of the BTTS required no addi-
tional personnel, laboratory and diagnostic work-up.

A significant portion of our patients are elderly 
patients suffering falls. Non-fatal falls cost the US 
healthcare system $19 billion/year, and a majority of 
that cost, $12 billion, is from hospitalization19. While 
there was no additional cost in the application of 
BTTS, the decrease in ICU admission rate and LOS 
would likely reflect a decrease in cost for the health-
care system overall. Potential BTTS-related cost-
savings were not analyzed in this study and warrants 
further investigation.
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A major strength of our study is the prospective 
nature of the BTTS implementation and Trauma Reg-
istry data collection. The majority of research on CWI 
outcomes is done retrospectively. By incorporating 
existing research, we were able to create a unique 
scoring system to apply prospectively. This unique 
score incorporates patient demographics, injury sever-
ity, pain scores, and respiratory function to triage 
patients to the ICU. Specifically, the inclusion of mark-
ers of pulmonary function, such as NIF, VC, and cough 
strength, makes our score superior in the assessment 
of patients.

There are significant limitations to our study. This is 
a single institution with resources that may vary from 
other centers; the generalizability of our results 
remains unclear. However, triaging patients based on 
specific criteria is necessary for optimal management 
and care. Another limitation is that despite the imple-
mentation of BTTS, there were patients who were 
triaged differently from the BTTS protocol, and not 
every patient in the post-BTTS period had a docu-
mented BTTS score. Furthermore, the exclusion rate 
in the post-BTTS period (69%) was greater than the 
exclusion rate in the pre-BTTS period (27%), raising 
the possibility of bias, including selection bias. In 
addition, the authors offer that although BTTS cap-
tures the severity of the injury, there may be other 
factors influencing outcome for which it cannot 
account. A larger prospective multi-institutional study 
would help identify confounding factors. Further limita-
tions include the difference in our pre- and post-BTTS 
patient populations. The pre-BTTS patients have a 
higher ISS, while the post-BTTS patients had more 
comorbidities. While these differences were accounted 
for in our multifactorial analysis, there may still be an 
impact. However, our analysis demonstrates that 
being in the post-BTTS cohort was independently 
associated with a shorter hospital LOS. We did not 
conduct a sample size calculation, and future study 
would benefit from a sample size calculation to elimi-
nate additional bias.

Adherence to the BTTS protocol will constitute the 
next phase of our process. Incorporating BTTS as part 
of our EHR as a “hard stop” would facilitate this, as 
the current process requires that the BTTS be calcu-
lated on printed hardcopy forms.

Surgical stabilization of rib fractures (SSRF) was 
introduced at our institution towards the end of 2019, 
but was not formalized until 2020. Patients meeting 
established criteria that include fracture morphology, 
chest wall instability, inability to control pain, and/or 

wean off a ventilator, follow our SSRF protocol. This 
did not include any specifications for admission to the 
ICU versus regular floor. It is unlikely that this rib fixa-
tion protocol impacted our study in any way.

The ROC analysis demonstrates BTTS of 7 as the 
ideal cutoff for ICU admission, and that may be a con-
tributing factor to why patients who met criteria but were 
triaged differently from protocol did well. Based on this 
ROC analysis, using a score of 8 or more as indication 
for ICU admission would be most appropriate and may 
lead to further decrease in ICU admissions (Fig. 3).

Conclusions

The BTTS incorporates patient demographics, 
injury severity and characteristics, base deficit, and 
pulmonary function to guide triage of CWI patients 
appropriately to the ICU. Implementation of a novel 
BTTS for triage of CWI was associated with decreased 
ICU admission rates and shorter ICU and hospital 
LOS at our institution. The decreased hospital LOS 
persisted even after controlling for other factors. 
Future research should focus on implementing BTTS 
in a multi-institutional design and following patients in 
their hospital course prospectively to determine fac-
tors affecting ICU and hospital LOS.
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Desafíos y resultados de la reconstrucción mamaria en cáncer 
de mama en etapa avanzada: una revisión integral
Challenges and outcomes of breast reconstruction in advanced-stage breast cancer:  
a comprehensive review
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Resumen

La reconstrucción mamaria posmastectomía es crucial para el bienestar psicológico y la calidad de vida a largo plazo de las 
pacientes con cáncer de mama. Sin embargo, su rol en los estadios avanzados (etapas III-IV) continúa siendo debatible. Para 
analizar los resultados clínicos y los beneficios de la reconstrucción mamaria en pacientes con cáncer de mama en estadios 
avanzados se realizó una revisión sistemática de estudios sobre el abordaje reconstructivo publicados entre enero de 2018 y 
marzo de 2025. Existe una marcada escasez de estudios enfocados en este rubro y la mayoría de los datos provienen de 
series de casos pequeñas o reportes observacionales, los cuales sugieren que la reconstrucción puede ser técnicamente 
factible y presentar aceptables tasas de complicaciones en casos seleccionados. No obstante, la influencia de las terapias 
adyuvantes agresivas, como la quimioterapia y la radioterapia, sobre los resultados estéticos finales en esta población aún 
no está claramente establecida. Existe una necesidad urgente de estudios prospectivos que evalúen tanto los resultados 
clínicos como la satisfacción de las pacientes, con el fin de orientar la toma de decisiones quirúrgicas en mujeres con cáncer 
de mama en estadio avanzado.

Palabras clave: Cáncer de mama avanzado. Reconstrucción mamaria. Mastectomía radical. Resultados quirúrgicos. Calidad 
de vida. Terapia adyuvante.

Abstract

Post-mastectomy breast reconstruction plays a crucial role in the psychological well-being and long term quality of life of patients 
with breast cancer. However, its role in advanced stages (stages III–IV) remains debatable. To analyze the clinical outcomes 
and potential benefits of breast reconstruction in patients with advanced-stage breast cancer, a systematic review of studies 
on the reconstructive approach published between January 2018 and March 2025 was conducted. There is a marked paucity 
of studies focused on this topic, and most available data derive from small case series or observational reports, which suggest 
that breast reconstruction may be technically feasible and associated with acceptable complication rates in selected cases. 
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Introducción

El cáncer de mama es una de las neoplasias más 
prevalentes en las mujeres en todo el mundo1. La 
detección temprana, el auge del tratamiento dirigido 
y la cirugía selectiva han reducido significativamente 
la mortalidad de esta neoplasia, permitiendo priorizar 
tanto la supervivencia como la calidad de vida poste-
rior al tratamiento2. La reconstrucción mamaria tras la 
mastectomía es un componente fundamental de la 
atención integral del cáncer de mama, al restaurar la 
imagen corporal y favorecer el bienestar psicológico 
de las afectadas3,4. Si bien los beneficios estéticos de 
la reconstrucción mamaria están bien documentados 
en etapas tempranas de esta neoplasia, el papel de 
la cirugía oncoplástica en la enfermedad avanzada 
sigue siendo objeto de debate y está escasamente 
explorado5. La reconstrucción mamaria en estadios 
tumorales avanzados supone retos terapéuticos espe-
cíficos propios del tratamiento agresivo al que las 
pacientes son sometidas6. En tales casos, las inter-
venciones quirúrgicas involucran procedimientos radi-
cales para el control oncológico, a la par que deben 
considerar el manejo estético de las ulceraciones, la 
fibrosis y los defectos de la pared torácica secunda-
rios a tratamientos previos7. La reconstrucción mama-
ria en ese contexto es compleja y multifactorial, 
requiriendo una valoración cuidadosa de la seguridad 
oncológica, la expectativa de vida, el riesgo de com-
plicaciones posoperatorias y la posibilidad de retrasar 
las terapias adyuvantes sistémicas. Adicionalmente, 
en la enfermedad avanzada los objetivos del trata-
miento suelen ir más allá de la supervivencia, inclu-
yendo el control de los síntomas y la preservación de 
la dignidad y la calidad de vida8,9. En la actualidad se 
considera que, en pacientes seleccionadas, la recons-
trucción mamaria ofrece beneficios concretos en la 
imagen corporal, la adaptación psicosocial y el bien-
estar general, incluso en un contexto de cuidados 
paliativos10. Sin embargo, la evidencia científica que 
respalda estos abordajes sigue siendo limitada en la 
población general con cáncer de mama, en particular 
en lo relativo a los resultados reconstructivos, las 

tasas de complicaciones, la cicatrización y la  
acción estética, elementos que no han sido evaluados 
de manera adecuada en esta población11,12.

La presente revisión analiza críticamente la eviden-
cia disponible sobre la reconstrucción mamaria en 
pacientes con cáncer de mama avanzado, incluyendo 
aquellas sometidas a mastectomía radical. Su propó-
sito es examinar los principales retos y los resultados 
quirúrgicos reportados en la literatura, evaluar el 
impacto de la reconstrucción en la calidad de vida y 
en los desenlaces informados por las pacientes, y 
explorar cómo las terapias adyuvantes agresivas pue-
den influir en el éxito quirúrgico y en la satisfacción 
de las pacientes.

Método

Estrategia de búsqueda

Se realizó una revisión sistemática de la literatura 
utilizando el repositorio digital PubMed, seleccionado 
por su cobertura integral de investigaciones biomédi-
cas y clínicas revisadas por pares. El objetivo fue 
identificar estudios que evaluaran los resultados qui-
rúrgicos, la calidad de vida y el éxito reconstructivo 
en pacientes con cáncer de mama en estadio avan-
zado (III-IV) sometidas a mastectomía radical, con o 
sin reconstrucción mamaria posterior. La búsqueda 
incluyó artículos publicados entre enero de 2018 y 
noviembre de 2024. Se efectuó inicialmente una veri-
ficación cruzada con Scopus y Web of Science; sin 
embargo, debido al alto número de duplicados, solo 
se utilizó PubMed para la selección final. Para garan-
tizar unos criterios de inclusión amplios, pero especí-
ficos, se emplearon las siguientes palabras clave y 
combinaciones booleanas: (“Breast Neoplasms” OR 
“Breast Cancer” OR “Advanced Breast Cancer”) AND 
(“Mastectomy, Radical” OR “Radical Mastectomy”) 
AND (“Reconstructive Surgical Procedures” OR 
“Breast Reconstruction”) AND (“Advanced Stage” OR 
“Locally Advanced” OR “Stage III” OR “Stage IV”) 
AND (“Adjuvant Therapy” OR “Chemotherapy” OR 
“Radiotherapy”) AND (“Quality of Life” OR “Patient 

Nevertheless, the impact of aggressive adjuvant therapies, such as chemotherapy and radiotherapy, on final aesthetic outcomes 
in this population remains poorly defined. There is an urgent need for prospective studies evaluating both clinical outcomes 
and patient satisfaction to guide surgical decision-making in women with advanced-stage breast cancer.

Keywords: Advanced breast cancer. Breast reconstruction. Radical mastectomy. Surgical outcomes. Quality of life. Adjuvant 
therapy.
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Satisfaction” OR “Psychosocial Outcomes”) AND 
(“Surgical Outcomes” OR “Complications” OR “Onco-
logic Outcomes”). Únicamente se incluyeron artículos 
publicados en inglés o español.

Criterios de elegibilidad

La selección de estudios siguió las directrices 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) y se estructuró utili-
zando el marco PICOS:

–	 Población: mujeres adultas diagnosticadas con 
cáncer de mama en estadio III o IV sometidas a 
mastectomía radical, con o sin reconstrucción 
mamaria13,14.

–	 Intervención: cualquier modalidad de cirugía 
reconstructiva, incluyendo colgajos de tejido 
autólogo, reconstrucción con implantes o uso de 
matriz dérmica acelular.

–	 Comparación: pacientes que no recibieron 
reconstrucción o que fueron sometidas a moda-
lidades reconstructivas alternativas.

–	 Desenlaces (outcomes): resultados quirúrgicos 
(complicaciones, cicatrización), resultados repor-
tados por las pacientes (calidad de vida, satis-
facción) y repercusión psicosocial.

–	 Diseño del estudio (study design): artículos origi-
nales, incluyendo ensayos clínicos aleatorizados, 
estudios de cohortes (prospectivos o retrospec-
tivos), series de casos y reportes de casos 
relevantes.

Se excluyeron las revisiones sistemáticas, los 
metaanálisis, los editoriales, los documentos de opi-
nión de expertos y los estudios con diseños preexpe-
rimentales o con datos de seguimiento incompletos. 
También se excluyeron los artículos sin acceso al 
texto completo y los publicados en idiomas distintos 
del inglés y el español.

Proceso de selección de los estudios

La búsqueda inicial identificó 204 artículos, de los 
cuales, tras la revisión de los títulos y los resúmenes, 
se excluyeron 188 por las siguientes razones: 74 abor-
daban únicamente cáncer de mama en estadio tem-
prano o localmente avanzado (no metastásico), 48 
carecían de datos sobre procedimientos reconstructi-
vos o resultados, 35 eran duplicados o publicaciones 
previas a 2018, 30 no cumplían con los criterios meto-
dológicos y 1 estaba redactado en un idioma no 

elegible. Después de la revisión del texto completo, 
únicamente un estudio cumplió con todos los criterios 
de inclusión y se incorporó al análisis final (Fig.  1). 
Los restantes 15 estudios potencialmente relevantes 
fueron excluidos en la fase de elegibilidad debido a 
la ausencia de resultados específicos de reconstruc-
ción o a la exclusión de pacientes con enfermedad 
metastásica.

Evaluación de la calidad

La calidad del estudio incluido se evaluó mediante 
la herramienta Cochrane para riesgo de sesgo, siendo 
valorada de forma independiente por tres revisores15; 
las discrepancias se resolvieron por consenso. Debido 
a que solo se incluyó un estudio, el resumen detallado 
de la evaluación de la calidad se presenta en el texto 
principal en lugar de en una tabla independiente.

Síntesis de los datos

Dada la cantidad extremadamente limitada de estu-
dios elegibles y la heterogeneidad en el diseño, la 
población de pacientes y la presentación de resulta-
dos, se optó por un enfoque de síntesis narrativa. No 
fue factible realizar un metaanálisis cuantitativo16. Los 
temas clave, como la factibilidad, la seguridad quirúr-
gica, la satisfacción de la paciente y los beneficios 
psicosociales en el contexto del cáncer de mama en 
estadio avanzado fueron extraídos y resumidos de 
manera narrativa.

Resultados

Una revisión exhaustiva de la literatura actual evi-
dencia una marcada escasez de estudios que aborden 
de manera específica los resultados de la reconstruc-
ción mamaria en pacientes con cáncer de mama en 
estadio IV (metastásico). De un total de 16 estudios 
identificados, solo uno (6.25%) cumplió con los crite-
rios de inclusión, al incorporar pacientes con enferme-
dad metastásica y reportar desenlaces directamente 
relacionados con la cirugía reconstructiva. Los 15 
estudios restantes (93.75%) fueron excluidos debido a 
que se enfocaban en enfermedad en estadios tempra-
nos o localmente avanzada, excluían explícitamente a 
las pacientes con metástasis de sus análisis o no 
proporcionaban datos relevantes sobre los resultados 
reconstructivos. El único trabajo incluido es una serie 
de casos realizada por Teklebrhan et al.17, quienes 
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informaron sobre siete mujeres con cáncer de mama 
metastásico y recurrencia locorregional sometidas a 
abdominoplastia inversa para reconstrucción de la 
pared torácica. La edad media de las pacientes fue de 
aproximadamente 53.6 años, y varias recibían quimio-
terapia paliativa o terapia hormonal en el momento de 
la intervención quirúrgica. Los autores documentaron 
resultados posoperatorios favorables, incluyendo una 
adecuada cicatrización de las heridas, sin complica-
ciones quirúrgicas mayores y únicamente incidencias 
menores, como formación de seroma o dehiscencia 
superficial de la herida. De manera relevante, las 
pacientes reportaron mínimas limitaciones funcionales 
y mantuvieron un rendimiento satisfactorio en las acti-
vidades cotidianas, evaluado mediante el cuestionario 
de calidad de vida SF-36. Asimismo, la satisfacción 
estética fue elevada a pesar del contexto paliativo, lo 
que resalta los potenciales beneficios psicosociales 
de la reconstrucción incluso en escenarios de enfer-
medad avanzada. Aunque limitado por el reducido 
tamaño de la muestra y su diseño observacional, este 
estudio aporta evidencia preliminar que respalda la 
factibilidad técnica y las posibles mejoras en la calidad 
de vida asociadas con los procedimientos reconstruc-
tivos en pacientes seleccionadas con cáncer de mama 
metastásico.

Los 15 estudios excluidos se distribuyeron en varias 
categorías. Un amplio subgrupo correspondió a 

estudios retrospectivos de cohorte y estudios trans-
versales centrados en pacientes con cáncer de mama 
en estadio temprano (I-III) o localmente avanzado, 
muchas de las cuales recibieron quimioterapia o radio-
terapia neoadyuvante18,19. Estos trabajos excluyeron de 
forma sistemática a pacientes en estadio IV, por lo que 
sus hallazgos no resultan aplicables a la población 
con metástasis Otros estudios se enfocaron en cirugía 
oncoplástica conservadora de mama o en reconstruc-
ción linfática inmediata para mitigar el linfedema20,21, 
pero de nuevo se limitan a escenarios de enfermedad 
temprana y sin abordar la reconstrucción posmastec-
tomía en estadio IV. Asimismo, reportes de casos ais-
lados y pequeñas series describen intervenciones 
quirúrgicas individuales o desenlaces de superviven-
cia17,22, sin aportar datos suficientes sobre técnicas 
reconstructivas o resultados reportados por las pacien-
tes. Algunas publicaciones correspondían a protocolos 
de ensayos clínicos23 o modelos computacionales que 
analizaban la supervivencia24,25, sin incluir información 
sobre la reconstrucción quirúrgica ni indicadores de 
calidad de vida. Además, algunos estudios de cohorte 
de gran tamaño incluían un pequeño porcentaje de 
pacientes con enfermedad metastásica (por ejemplo, 
hasta un 5.8% en Buckley et al.26, pero sin estratificar 
los resultados reconstructivos para este subgrupo). 
Finalmente, las investigaciones que compararon téc-
nicas oncoplásticas y reconstrucciones totales, como 

Figura 1. Diagrama de selección de artículos (PRISMA).



M.Z. Barajas-García et al.  Reconstrucción mamaria en cáncer de mama avanzado

229

la realizada por Lisboa et al.27, reportaron en general 
mejores resultados estéticos con los abordajes onco-
plásticos, aunque con un número insignificante de 
casos con metástasis y sin análisis específicos por 
subgrupo.

Esta síntesis detallada pone de manifiesto una bre-
cha crítica de conocimiento en la literatura respecto 
a la cirugía reconstructiva en pacientes con cáncer 
de mama metastásico. A pesar del amplio cuerpo de 
evidencia que respalda la reconstrucción en la enfer-
medad temprana y localmente avanzada, resulta evi-
dente la ausencia de datos prospectivos y de alta 
calidad en poblaciones en estadio IV. La evidencia 
disponible, limitada a una única serie de casos de 
pequeño tamaño, sugiere que los procedimientos 
reconstructivos pueden ofrecer beneficios funcionales 
y psicosociales –incluyendo mejoras en la calidad de 
vida y en la imagen corporal– incluso dentro de un 
marco de cuidados paliativos. Estos hallazgos subra-
yan la necesidad de realizar investigaciones adicio-
nales para comprender mejor el papel, los riesgos y 
los beneficios de la reconstrucción mamaria en el 
contexto del cáncer de mama metastásico, conside-
rando los retos clínicos y emocionales particulares 
que enfrenta esta población de pacientes.

Discusión

La reconstrucción mamaria posterior a la mastec-
tomía radical ha sido ampliamente estudiada en el 
cáncer de mama en estadios tempranos y localmente 
avanzados (I-III), con numerosos trabajos que 
demuestran sus beneficios en la recuperación psico-
social, los resultados estéticos y la calidad de vida. 
Sin embargo, para las pacientes diagnosticadas con 
enfermedad en estadio avanzado, en particular aque-
llas con cáncer de mama en estadio IV o metastásico, 
la base de evidencia sigue siendo limitada y fragmen-
tada. En la presente revisión se evaluaron 204 artícu-
los mediante una estrategia de búsqueda exhaustiva 
que incluyó términos clave como “Breast Neoplasms”, 
“Radical Mastectomy”, “Breast Reconstruction”, 
“Stage IV”, “Chemotherapy”, “Quality of Life” y “Sur-
gical Outcomes”. De ellos, solo 16 estudios fueron 
considerados potencialmente relevantes tras la revi-
sión del título y el resumen, y solo 1 (6.25%) cumplió 
con los criterios de inclusión al reportar específica-
mente resultados reconstructivos en pacientes con 
cáncer de mama metastásico. Esta importante brecha 
en la literatura pone de relieve una omisión clínica y 
académica persistente: la exclusión –implícita o 

explícita– de las pacientes con cáncer de mama en 
estadio IV de los estudios sobre reconstrucción qui-
rúrgica. El único estudio que abordó esta población, 
una serie de casos publicada por Teklebrhan et al.17, 
documentó resultados positivos en siete mujeres 
sometidas a abdominoplastia inversa para recons-
trucción de la pared torácica. A  pesar del reducido 
tamaño muestral y del diseño retrospectivo, los hallaz-
gos subrayaron aspectos relevantes: adecuada cica-
trización de la herida, mínimas limitaciones funcionales 
y satisfacción reportada por las pacientes tanto en el 
ámbito funcional como en el estético, incluso en un 
contexto de cuidados paliativos. Estas observaciones 
cuestionan la noción histórica de que los procedi-
mientos reconstructivos deben considerarse contrain-
dicados o de menor prioridad en la enfermedad 
metastásica debido a la expectativa de vida limitada 
o al riesgo quirúrgico presunto28. En el campo más 
amplio de la cirugía oncológica paliativa, diversas 
intervenciones –incluyendo la resección de metásta-
sis sintomáticas, procedimientos de derivación palia-
tiva y manejo quirúrgico de heridas– han demostrado 
beneficios significativos en el control de los síntomas 
y en la calidad de vida, incluso en pacientes con 
expectativa de vida reducida6,7. Estos hallazgos enfa-
tizan que las intervenciones quirúrgicas en el cáncer 
avanzado no han de ser descartadas exclusivamente 
en función de proyecciones de supervivencia, sino 
que deben evaluarse por su capacidad de aliviar el 
sufrimiento, mejorar los resultados funcionales y pre-
servar la dignidad de la paciente. La reconstrucción 
mamaria, cuando se realiza con estos objetivos, se 
alinea con los principios fundamentales de los cuida-
dos paliativos y de la oncología de soporte29,30. La 
exclusión generalizada de pacientes con metástasis 
en la literatura podría estar arraigada en paradigmas 
clínicos de larga data que consideran injustificado o 
fútil el tratamiento local agresivo en el cáncer de 
mama en estadio IV, así como un beneficio estético 
o funcional escaso en pacientes con menor expecta-
tiva de vida31. No obstante, esta perspectiva omite los 
objetivos matizados de atención en esta población, 
en la que la calidad de vida, el manejo de los sínto-
mas y el bienestar psicológico suelen tener prioridad. 
La evidencia emergente en oncología paliativa sugiere 
que algunas intervenciones quirúrgicas selecciona-
das pueden aliviar los síntomas, restaurar la imagen 
corporal y reforzar la dignidad en pacientes con enfer-
medades potencialmente terminales32. En este con-
texto, la reconstrucción mamaria  –cuando es 
factible– debe evaluarse no solo desde un enfoque 
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oncológico, sino también como parte de un marco 
integral centrado en la paciente que incluya las dimen-
siones psicosociales, funcionales, emocionales y de 
satisfacción estética33,34. Además, la atención oncoló-
gica contemporánea promueve cada vez más la auto-
nomía de los pacientes y la toma de decisiones 
compartida como pilares éticos fundamentales35. 
Involucrar a las pacientes con cáncer de mama en 
estadio avanzado en discusiones abiertas sobre 
opciones reconstructivas –ya sean con intención 
curativa, paliativa o de soporte– respeta su derecho 
a decidir de manera informada sobre su cuerpo, su 
identidad y su calidad de vida36. Fomentar que las 
pacientes expresen sus preferencias fortalece la con-
fianza, refuerza la alianza terapéutica y puede incre-
mentar la satisfacción con el tratamiento y los 
resultados psicosociales, independientemente del 
estadio clínico de la enfermedad37.

Por otro lado, es necesario reconocer varias limita-
ciones clave en este estudio. En primer lugar, la evi-
dencia disponible es predominantemente anecdótica, 
compuesta por reportes de casos aislados y peque-
ñas series sin grupos de control, medidas de resul-
tado estandarizadas ni seguimiento a largo plazo. En 
segundo lugar, los estudios que incluyen pacientes en 
estadio IV suelen omitir el análisis estratificado de 
resultados o carecen de análisis de subgrupos, lo que 
impide establecer conclusiones sobre seguridad, 
satisfacción o impacto en la calidad de vida. En tercer 
lugar, la heterogeneidad en las definiciones –como lo 
que constituye «enfermedad avanzada» o «éxito 
reconstructivo»– dificulta la comparación entre estu-
dios y la síntesis.

La exclusión sistemática de pacientes con cáncer 
de mama en estadio IV de la investigación clínica 
sobre reconstrucción mamaria puede perpetuar de 
manera inadvertida las desigualdades en el acceso a 
una atención integral y multidisciplinaria. Esta brecha 
no solo refleja una omisión científica, sino también un 
aspecto ético, al potencialmente reforzar estigmas 
que obstaculizan la realización de intervenciones de 
calidad de vida en poblaciones con enfermedad avan-
zada. Abordar esta inequidad es fundamental para 
garantizar que todas las pacientes, con independen-
cia de su pronóstico, reciban opciones de atención 
holísticas y alineadas con sus valores y preferen-
cias28,38. A  la luz de estas limitaciones, las investiga-
ciones futuras deberán priorizar estudios prospectivos, 
multicéntricos, que incluyan de manera específica a 
pacientes con cáncer de mama en estadios avanza-
dos y con metástasis. Estos estudios deberían 

adoptar definiciones y medidas de resultado estanda-
rizadas, incluyendo desenlaces reportados por las 
pacientes en cuanto a satisfacción (p. ej., BREAST-Q), 
función física (p. ej., SF-36) y bienestar psicosocial39. 
Asimismo, deben incorporarse metodologías cualita-
tivas que capten las experiencias, los valores y las 
preferencias de esta población. Paralelamente, la 
seguridad oncológica debe seguir siendo evaluada, 
reconociendo que en el contexto metastásico las 
decisiones quirúrgicas se guían tanto por considera-
ciones de calidad de vida como por criterios de 
supervivencia.

Otro ámbito que requiere mayor exploración es la 
integración de la cirugía reconstructiva en esquemas 
de tratamiento multimodales, que incluyan terapia sis-
témica, radioterapia paliativa y cuidados de soporte. 
A medida que las técnicas reconstructivas continúan 
evolucionando, su papel dentro del manejo multidis-
ciplinario de los pacientes oncológicos, incluyendo 
aquellos con enfermedades complejas en estadios 
avanzados, debe reconocerse no solo como un com-
plemento estético, sino también como parte esencial 
de la rehabilitación oncológica integral40. Este enfo-
que reconoce las necesidades multidimensionales de 
las pacientes con cáncer de mama y destaca la 
importancia de integrar la reconstrucción quirúrgica 
en planes de tratamiento personalizados, orientados 
a optimizar tanto los resultados clínicos como el bien-
estar de la paciente. Una comprensión más profunda 
de cómo la reconstrucción interactúa con la quimio-
terapia o las terapias dirigidas en curso, particular-
mente en relación con la seguridad, las tasas de 
complicaciones y la tolerancia de la paciente, podría 
ayudar a definir el momento óptimo y la selección de 
las candidatas. De igual forma, la colaboración inter-
disciplinaria entre oncólogos quirúrgicos, cirujanos 
reconstructivos, oncólogos médicos y equipos de psi-
cooncología es esencial para ofrecer una atención 
personalizada y basada en valores.

Esta revisión evidencia una marcada carencia de 
estudios sólidos sobre reconstrucción mamaria en 
pacientes con cáncer de mama en estadio IV. Si bien 
los paradigmas tradicionales han excluido con fre-
cuencia a esta población de la consideración recons-
tructiva, los datos preliminares sugieren que, en 
casos seleccionados, la cirugía puede aportar bene-
ficios funcionales y psicosociales significativos. Redu-
cir esta falta de evidencia exigirá un cambio en las 
prioridades de investigación, una mayor inclusión de 
pacientes en estadios avanzados en los estudios clí-
nicos y una redefinición del concepto de éxito 
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quirúrgico que se alinee con los desenlaces centra-
dos en la paciente más que únicamente con la super-
vivencia. Atender estas lagunas es esencial para 
garantizar que todas las pacientes con cáncer de 
mama, en cualquier estadio, tengan acceso a una 
atención integral, digna y compasiva.

Conclusiones

Esta revisión evidencia una brecha crítica en la 
literatura actual en relación con la reconstrucción 
mamaria en pacientes con cáncer de mama en esta-
dios avanzados. La evidencia disponible sugiere que 
la reconstrucción mamaria puede ser técnicamente 
factible y asociarse con beneficios funcionales, esté-
ticos y psicosociales, incluso en un contexto paliativo. 
No obstante, la ausencia de datos de alta calidad 
impide establecer conclusiones definitivas y resalta la 
necesidad urgente de realizar estudios prospectivos, 
bien diseñados, que incluyan a pacientes con enfer-
medad en estadios avanzados, con el fin de incre-
mentar la calidad de vida, la dignidad y la imagen 
corporal de todas las pacientes afectadas con cáncer 
de mama. Por lo tanto, se requiere un cambio de 
paradigma que reconozca la reconstrucción como un 
componente potencial de la atención integral centrada 
en todas las pacientes.

Financiamiento

Los autores declaran no haber recibido financia-
miento para este estudio.

Conflicto de intereses

Los autores declaran no tener conflicto de 
intereses.

Consideraciones éticas

Protección de personas y animales. Los autores 
declaran que para esta investigación no se han rea-
lizado experimentos en seres humanos ni en 
animales.

Confidencialidad, consentimiento informado y 
aprobación ética. El estudio no involucra datos per-
sonales, historias clínicas ni muestras biológicas 
humanas, por lo que no requiere aprobación ética. No 
se aplican las guías SAGER.

Declaración sobre el uso de inteligencia artificial.  
Los autores declaran que no se utilizó ningún tipo de 

inteligencia artificial generativa para la redacción ni la 
creación de contenido de este manuscrito.

Referencias

	 1.	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. 
Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74:229-63.

	 2.	 Wolff MS, Weston A. Breast cancer risk and environmental exposures. 
Environ Health Perspect. 1997;105:891-6.

	 3.	 Silverstein MJ, Savalia N, Khan S, Ryan J. Extreme oncoplasty: breast 
conservation for patients who need mastectomy. Breast J. 2015;21:52-9.

	 4.	 Panchal H, Matros E. Current trends in postmastectomy breast recons-
truction. Plast Reconstr Surg. 2017;140:7S-13S.

	 5.	 Thomas A, Khan SA, Chrischilles EA, Schroeder MC. Initial surgery and 
survival in stage IV breast cancer in the United States, 1988-2011. JAMA 
Surg. 2016;151:424.

	 6.	 Sledge GW, Mamounas EP, Hortobagyi GN, Burstein HJ, Goodwin PJ, 
Wolff AC. Past, present, and future challenges in breast cancer treat-
ment. J Clin Oncol. 2014;32:1979-86.

	 7.	 Zagardo V, Harikar M, Ferini G. Therapeutic strategies for fungating and 
ulcerating breast cancers: a systematic review and narrative synthesis. 
Breast. 2025;79:103870.

	 8.	 Hillberg NS, Meesters-Caberg MAJ, Beugels J, Winkens B, Vissers YLJ, 
van Mulken TJM. Delay of adjuvant radiotherapy due to postoperative 
complications after oncoplastic breast conserving surgery. Breast. 
2018;39:110-6.

	 9.	 Pantelimon I, Stancu AM, Coniac S, Ionescu A-I, Atasiei D-I, 
Georgescu DE, et al. Local control of advanced breast cancer — debate 
in multidisciplinary tumor board. J Clin Med. 2025;14:510.

	 10.	 Malenfant S, Jaggi P, Hayden KA, Sinclair S. Compassion in healthcare: 
an updated scoping review of the literature. BMC Palliat Care. 2022;21:80.

	 11.	 Baskar R, Lee KA, Yeo R, Yeoh K-W. Cancer and radiation therapy: 
current advances and future directions. Int J Med Sci. 2012;9:193-9.

	 12.	 Dong P, Gewirtz DA. Editorial: Risks and benefits of adjuvants to cancer 
therapies. Front Oncol. 2022;12:913626.

	 13.	 Amir-Behghadami M, Janati A. Population, Intervention, Comparison, 
Outcomes and Study (PICOS) design as a framework to formulate eligi-
bility criteria in systematic reviews. Emerg Med J. 2020;37:387.

	 14.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. Syst Rev. 2021;10:89.

	 15.	 Crocker TF, Lam N, Jordão M, Brundle C, Prescott M, Forster A, et al. 
Risk-of-bias assessment using Cochrane’s revised tool for randomized 
trials (RoB 2) was useful but challenging and resource-intensive: obser-
vations from a systematic review. J Clin Epidemiol. 2023;161:39-45.

	 16.	 Ioannidis JPA, Patsopoulos NA, Rothstein HR. Reasons or excuses for 
avoiding meta-analysis in forest plots. BMJ. 2008;336:1413-5.

	 17.	 Teklebrhan F, Mahir G, Clark S, Shanthakumar D, Patten DK, Ullah MZ. 
Reverse abdominoplasty: a novel practical approach using oncoplastic 
reconstruction in managing major chest wall defects for patients with 
loco-regional recurrence following breast cancer surgery. Cureus. 
2021;13:e19983.

	 18.	 Ahmed GA, Aseem R, Osman H. Latissimus dorsi flap revisited: coverage 
of large chest wall defects following mastectomy for locally advanced 
breast carcinoma and angiosarcoma. Cureus. 2024;16:e53759.

	 19.	 Clement Z, Egbeare D, Kollias J, Gill G, Whitfield R, Bingham J, et al. 
Safety and efficacy of immediate autologous breast reconstruction after 
mastectomy in patients undergoing neoadjuvant chemoradiotherapy for 
locally advanced breast cancer. Breast Dis. 2022;41:267-72.

	 20.	 Johnson M, Cook L, Rapisarda FI, Betal D, Bonomi R. Oncoplastic breast 
surgery technique for retroareolar breast cancer: a technical modification 
of the Grisotti flap in patients with short nipple to inferior mammary 
crease distance. J Surg Case Rep. 2020;2020:rjaa285.

	 21.	 Yakaback S, Temple-Oberle C. “The Uncertainty Principle” — studying 
immediate lymphatic reconstruction impacts the natural history of breast 
cancer related lymphedema. Breast. 2024;74:103678.

	 22.	 Kanayama K, Tanioka M, Hattori Y, Iida T, Okazaki M. Long-term survi-
val of the Sister Mary Joseph nodule originating from breast cancer: a 
case report. World J Clin Cases. 2023;11:8205-11.

	 23.	 Hao S, Hou J, Zhang L, Zhou C, Hou Y, Yu K, et al. Protocol for a 
multicentre, prospective, open-label, randomised controlled trial to com-
pare PROs and safety outcomes between preoperative and postmastec-
tomy radiotherapy in locally advanced breast cancer patients with 
immediate reconstruction via a deep inferior epigastric perforator flap 
(CAPPELLA) in China. BMJ Open. 2025;15:e086980.

	 24.	 Li Y, Liang X, Li H, Chen X. Reconstruction of unreported subgroup 
survival data with PD-L1-low expression in advanced/metastatic triple-ne-
gative breast cancer using innovative KMSubtraction workflow. J Immu-
nother Cancer. 2024;12:e007931.



Cirugía y Cirujanos. 2026;94(2)

232

	 25.	 Cheng C, Wang Y, Zhao J, Wu D, Li H, Zhao H. Deep learning and 
radiomics in triple-negative breast cancer: predicting long-term 
prognosis and clinical outcomes. J  Multidiscip Healthc. 2025;18: 
319-27.

	 26.	 Buckley E, Elder E, McGill S, Kargar ZS, Li M, Roder D, et al. Breast 
cancer treatment and survival differences in women in remote and 
socioeconomically disadvantaged areas, as demonstrated by linked data 
from New South Wales (NSW), Australia. Breast Cancer Res Treat. 
2021;188:547-60.

	 27.	 Lisboa FCA, Paulinelli RR, Veras LPC, Ribeiro LFJ, Oliveira LFP, Rahal 
RMS, et al. Aesthetic results were more satisfactory after oncoplastic 
surgery than after total breast reconstruction according to patients and 
surgeons. Breast. 2023;71:47-53.

	 28.	 Dea N, Versteeg AL, Sahgal A, Verlaan JJ, Charest-Morin R, Rhines LD, 
et al. Metastatic spine disease: should patients with short life expectancy 
be denied surgical care? An international retrospective cohort study. 
Neurosurgery. 2020;87:303-11.

	 29.	 Domingos DF dos S, Querido A, Pedrosa VV. Physiotherapy intervention 
for promoting comfort in palliative care patients: a focus group study. 
Cancers (Basel). 2025;17:2167.

	 30.	 Meoded MD, Tănase M, Mehedințu C, Cirimbei C. Psycho-oncology in 
breast cancer: supporting women through distress, treatment, and reco-
very — three arguments — rapid narrative review. Medicina (B Aires). 
2025;61:1008.

	 31.	 Neuman HB, Morrogh M, Gonen M, Van Zee KJ, Morrow M, King TA. 
Stage IV breast cancer in the era of targeted therapy: does surgery of 
the primary tumor matter? Cancer. 2010;116:1226-33.

	 32.	 Lilley EJ, Farber ON, Cooper Z. Palliative surgery: state of the science 
and future directions. Br J Surg. 2024;111:znae068.

	 33.	 Pel E, Engelberts I, Schermer M. Diversity of interpretations of the con-
cept “patient-centered care for breast cancer patients”; a scoping review 
of current literature. J Eval Clin Pract. 2022;28:773-93.

	 34.	 Bochtsou V, Effraimidou EI, Samakouri M, Plakias S, Zachou M-E, 
Arvaniti A. Pre-mastectomy breast reconstruction intentions in women 
with breast cancer: psychosocial and personality predictors informing 
mental health promotion. Healthcare. 2025;13:1761.

	 35.	 Olejarczyk JP, Young M. Patient rights and ethics. En: StatPearls. Tre-
asure Island (FL): StatPearls Publishing; 2026 Jan.

	 36.	 Biganzoli L, Cardoso F, Beishon M, Cameron D, Cataliotti L, Coles CE, 
et al. The requirements of a specialist breast centre. Breast. 2020;51:65-84.

	 37.	 Krist AH, Tong ST, Aycock RA, Longo DR. Engaging patients in deci-
sion-making and behavior change to promote prevention. Stud Health 
Technol Inform. 2017;240:284-302.

	 38.	 Ghislain I, Zikos E, Coens C, Quinten C, Balta V, Tryfonidis K, et al. 
Health-related quality of life in locally advanced and metastatic breast 
cancer: methodological and clinical issues in randomised controlled trials. 
Lancet Oncol. 2016;17:e294-304.

	 39.	 Smeele HP, Dijkstra RCH, Kimman ML, van der Hulst RRWJ, 
Tuinder SMH. Patient-reported outcome measures used for assessing 
breast sensation after mastectomy: not fit for purpose. Patient. 
2022;15:435-44.

	 40.	 Lita FF, Grosu-Bularda A, Hodea FV, Cretu A, Bordeanu-Diaconescu EM, 
Dumitru CS, et al. Radiotherapy and reconstructive surgery: challenges, 
implications and optimized therapeutic approaches. R  J Mil Med. 
2025;128:43-50.



233

La vía olfatoria como ruta de la percepción aferente especial  
y la conducta
The olfactory pathway as a route for special afferent perception and behaviour

Rodrigo Ramos-Zúñiga
Instituto de Neurociencias Traslacionales, Departamento  de Neurociencias, Centro Universitario de Ciencias de la Salud, Universidad  
de Guadalajara, Guadalajara, México

CARTAS AL EDITOR

CIRUGIA Y CIRUJANOS

Cir Cir. 2026;94(2):233-234 

Contents available at PubMed 

www.cirugiaycirujanos.com

Correspondencia: 
Rodrigo Ramos-Zúñiga  

E-mail: rodrigo.ramos@academicos.udg.mx

Fecha de recepción: 16-09-2025

Fecha de aceptación: 29-01-2026

DOI: 10.24875/CIRU.25000451

0009-7411/© 2026 Academia Mexicana de Cirugía. Publicado por Permanyer. Este es un artículo open access bajo la licencia CC BY-NC-ND  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

La vía olfatoria representa una ruta de interacción 
anatómica y funcional entre el cerebro y el entorno 
ambiental. La particular disposición estructural de los 
quimiorreceptores y de las terminales nerviosas ubi-
cadas en la mucosa olfatoria es un claro enlace entre 
el ambiente odorífero y su internalización través de la 
lamina cribosa del etmoides para conformar los bul-
bos olfatorios.

Remanentes de la llamada glía envolvente le con-
fieren particular importancia en los procesos fisioló-
gicos y regenerativos. Su vinculación con el área 
olfatoria medial define parte de los patrones primitivos 
y conductuales del cerebro que se relaciona con un 
contexto social, que explican el comportamiento de 
las manadas en diferentes especies.

Esta conducta explica el marcaje de territorios con 
la orina, define liderazgos tribales, determina el ciclo 
reproductivo en conexión con el periodo del estro en 
las hembras y define las conductas de celo, cuyo 
conductor se representa por las feromonas. Si bien 
tiene un enlace traduccional neurobiológico, en el 
caso del homo sapiens se han agregado mecanismos 
condicionados asociados a prácticas de consumo en 
la percepción de ciertos olores y perfumes.

Estos patrones conductuales contrastan con la 
actividad de la amígdala, que define en parte el área 
olfatoria lateral, y que se correlaciona con patrones 
emocionales y de comportamiento por su ubicación 
mesial en el lóbulo temporal y sus conexiones 
con el sistema límbico. Se generan patrones de 
consolidación de la memoria y evocación de los 

recuerdos, especialmente los que se integran en la 
corteza de asociación, lo que confiere a la capaci-
dad olfatoria la posibilidad de operar como un centro 
de relevo sensorial1. De la misma forma, explica sus 
trastornos en la clínica a través de alucinaciones 
olfatorias y las crisis uncinadas propias del fenó-
meno denominado «aura» en la epilepsia del lóbulo 
temporal2.

Esta descripción básica de los autores da cuenta 
de que el olfato interviene con funciones variadas, 
mas allá de la percepción olfatoria vinculada con la 
vía gustativa. Su influencia conductual es amplia pese 
al limitado espacio de su extensión en comparación 
con otras especies3.

Algunas evidencias publicadas con antelación con 
un título muy semejante describen las alteraciones de 
la función olfatoria relacionadas con trastornos dege-
nerativos (enfermedad de Alzheimer) o inmunitarios. 
No obstante, puede ser pertinente que los autores 
definan las diferencias con otros textos como el des-
crito en aras de la integridad científica4.
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