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Abstract. The status of lymph node (LN) metastasis, including 
the number and location of positive LNs, is a significant 
prognostic factor for oral squamous cell carcinoma (OSCC). 
Therefore, knowing the number and location of positive LNs 
is essential for prognosis. However, surgeons often have 
difficulty locating LNs. In the present study a practical device 
to improve the location of LNs in neck resection specimens 
was intoduced: the optical lymph nodes detection system 
(OLNDS). With the assistance of the OLNDS LNs were easier 
to locate and a significantly higher number of LNs were identi-
fied (P=0.006). The false detection rate was also significantly 
reduced compared with the traditional method (P=0.0034). 
The OLNDS was observed to be a valuable adjunct to the 
traditional method and may be useful for studying the value of 
LN metastasis in OSCC prognosis.

Introduction

Approximately 640,000 patients with oral squamous cell 
carcinoma (OSCC) are diagnosed each year worldwide, with a 
rising incidence in many countries (1). Despite evolution in its 
management, the overall survival (OS) rate has not improved 
significantly during the past 20 years, with 5‑year survival 
rates between 45 and 50% (2). Pathological lymph node (LN) 
metastases (pN+) are recognized as an adverse prognostic 
factor in OSCC (3). LN-associated factors, such as the number 
of positive nodes, the presence of extracapsular spread (ECS), 

the number of nodes with ECS, the presence of contralateral 
neck metastases (pN2c), the presence of lower neck metastases 
(level IV/V), the number of dissected LNs and the LN density 
may influence survival rates (4-6). In this context, the number 
and location of all retrieved LNs from the neck dissection 
(ND) specimen is of critical importance to the diagnosis of the 
number, ratio, and location of positive LNs.

At present, to retrieve LNs from an ND sample, surgeons 
can only rely on their sense of touch or the color difference 
between superficial LNs and the surrounding tissue. However, 
such techniques can easily overlook small and/or deep LNs. 
Another problem is that once the specimen is removed from 
the patient, it is hard to determine the location of the LNs, 
especially when resected by less experienced surgeons.

Here we introduce a straightforward device, named optical 
lymph nodes detection system (OLNDS), to improve LNs 
location accuracy detection rate. Our experience had demon-
strated that it could be useful in identifying and locating LNs, 
especially for less experienced surgeons.

Materials and methods

Patients. An ND specimen from each of 63 patients (Group 
1) who had primary surgery for OSCC with ND (radical or 
selective) in the Department of Oral and Maxillofacial Surgery, 
Nanjing Stomatological Hospital, Medical School of Nanjing 
University between November 2014 and May 2015 were evalu-
ated with the OLNDS in addition to the traditional method. 
LNs were isolated from the ND specimen by a qualified 
resident doctor or a qualified attending doctor. The data of 
another 70 patients (Group 2) were retrieved from our data-
base. These patients went through primary surgery for OSCC 
with ND (radical or selective) in the same department between 
January 2011 and December 2012. Their ND specimens were 
subjected only to the traditional LN location method by the 
same attending doctor who participated in the study. Ethical 
approval had previously been obtained from the Nanjing 
Stomatological Hospital Research Ethics Committee. Written 
informed consents were obtained from participants before 
delivery.

Patient information is summarized in Table I. In brief, 
among patients in Group 1, 37 (57.8%) were male and 
26 (42.2%) female. Patient ages ranged between 29 and 89 years 
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(mean ± SEM, 59.52±1.418). In Group 2, 30 (42.6%) were male 
and 40 (57.4%) were female. Patient ages ranged between 35 
and 81 years (mean ± SEM, 59.06±0.349).

The OLNDS consists of two parts: the LN localization 
board and the LN detection light box.

The LN localization board. The LN localization board is a 
transparent acrylic board printed with black neck division 
guidance. The white area in Fig. 1A is transparent, while the 
black is printed as black to review neck division and block out 
extraneous light. It can be used together with a light blockage 
board (Fig. 1B) to suit different ND tissue requirements. The 
board can also be printed as in Fig. 1C, using a different color 
to block extraneous light. Magnets are inlayed into the board 
(as indicated by red spots in Fig. 1D) to stretch (make it thinner) 
and to fix the ND specimen. The LN localization board can be 
sterilized and be used during the operation, so that the chief 
surgeon can put the ND specimen onto the board directly to 
ensure the accuracy of its location.

The LN detection light box. A lamp is installed on the base of 
the LN detection light box and a piece of highly transparent 
glass is used to place the positioning plate. A switch in front 
of the box allows for the brightness of the lamp to be adjusted 
(Fig. 1E). During the operation, the chief surgeon placed 
the ND specimen directly onto the board with accurately 
located specimen. The ND specimen was then searched for 
LNs without the assistance of OLNDS. When no more LNs 
could be found with the traditional method, the specimen was 
searched for LNs under the guidance of OLNDS. The number 
of LNs from each region by different methods was recorded. 
The diameter of the smallest LN found by the two different 
methods was measured with vernier calipers.

Statistical analysis. The paired Student's t-test was used to 
compare the difference between the number and smallest 
diameter of the LNs found by different methods. The level of 
significance was set at 5% (P<0.05). Statistics were analyzed 
with Prism 5.0.

Results

OLNDS helped to reveal LNs. When the light was off, 
only superficial LNs were seen (black arrow indicating 
superficial LN; Fig. 2A). When the light was turned on, 
even deeper LNs were clearly revealed as round dark spots 
(white arrow; Fig. 2B), while superficial LNs were clearer than 
when the light was off (black arrow; Fig. 2B). To distinguish LNs 
(white arrow; Fig. 2C) from thick tissue (black arrow; Fig. 2C), 
LNs appeared to be round and uniform, while the thick tissue 
had a rough outline and was not evenly dark inside. Moreover, 
the dark spot of thick tissue would disappear when squeezed 
or stretched, while the LNs would not.

As the light was strong, directly viewing it could obscure 
the tissue; therefore, unnecessary light was blocked, letting 
only necessary light pass the tissue. This was accomplished 
with a light-blockage board (Fig. 1B) or a light-blockage 
printed area (Fig. 1C). Both the light-blockage board and 
the light‑blockage area can be shaped to fit different ND 
specimens. The OLNDS was found to be a powerful tool for 

locating and identifying LNs, especially for less experienced 
resident doctors.

As the LN localization board can be used during the opera-
tion and as the surgeon can place the ND specimen immediately 
after dissection, the location of the tissue can be highly accu-
rate. In this context, even a resident doctor can locate the LNs 
accurately.

In addition to accurate location, in Group 1, OLNDS 
also helped identify more LNs than the traditional method 
(P=0.0006; Fig. 3). The statistical significance was higher 
for the resident doctor (P=0.0042) than the attending doctor 
(P=0.0206). Again, compared with data retrieved (Group 2), 
OLNDS found more LNs (mean, 6.01) than with the traditional 
method only (mean, 2.29) in each region.

OLNDS could detect smaller LNs compared with the 
conventional method. For 21 patients in Group 1, the diameter 
of the smallest LNs found by different method (traditional or 
with OLNDS) were measured with Vernier calipers. With the 
traditional method, the average diameter of the smallest LNs 
detected was 3.18 mm (SEM, 0.28). With OLNDS, the average 
diameter of the smallest LNs detected was 2.02 mm (SEM, 
0.21). The difference between these two groups was significant 
(P=0.0001; Fig. 4), indicating that smaller LNs, which could 
otherwise not be discovered by the traditional method, could 
be found with OLNDS.

OLNDS reduced false detection rate. The LNs retrieved from 
the ND specimens of 64 patients in Group 1 were sent for 
pathological analysis to the Department of Oral Pathology, 

Table I. Clinical pathologic characteristics of patients with oral 
squamous cell carcinoma.

 Status of the lymph nodes
 ----------------------------------------------------
Clinical variable Group 1 Group 2

Total 63 70
Sex  
  Male 37 40
  Female 26 30
Age (years)  
  <60 27 33
  ≥60 36 37
Type of neck dissection  
  Radical 45 56
  Selected 18 14
Positive lymph nodes  
  Yes 19 25
  No 44 45
TNM stage  
  Early stage 36 24
  Late stage 27 46
Histopathology grading  
  I 23 33
  II‑III 40 34
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Figure 3. OLNDS helps find more LNs. (A) in Group 1, with the help of OLNDS, more lymph nodes were found (P=0.0006). (B) OLNDS helped both resident 
and attending doctors find more LNs. Its value was more significant for resident doctors (P=0.0042) than for attending doctors (P=0.0206). OLNDS, optical 
lymph nodes detection system; LN, lymph node. *P<0.05, **P<0.005 and ***P<0.001.

Figure 2. Optical lymph node detection system helps reveal LNs. (A) When the light is off, only superficial LNs can be seen (black arrow indicates superficial LN). 
(B) When the light is turned on, even deeper LNs revealed themselves clearly as round dark spots (white arrows), while superficial LNs were even clearer than when 
the light was off (black arrow). (C) To distinguish LNs (white arrow) from thick tissue (black arrow), LNs appear to be round and uniform, while the thick tissue 
had a rough outline and is not evenly dark inside. Moreover, dark spots of thick tissue disappear when squeezed or stretched, while LNs do not. LN, lymph node.

Figure 1. Optical lymph nodes detection system. (A) The neck division is printed on the acrylic board. To help block extra light, A can be used together with 
the (B) light blockage board or be printed as in (C). The transparent areas of (B) and (C) can be of various shapes to suit different kinds of neck dissection. 
Magnets are inlayed into the board (as indicated by red spots in D) to stretch (make it thinner for observation) and fix the neck dissection specimen. (E) The 
lymph node detection light box. The switch in the front can turn on/off the light and adjust the brightness. The top of the box is made of transparent glass to 
allow the light to go through.
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Nanjing Stomatological Hospital, Medical School of Nanjing 
University. Among the 1,471 LNs found, 5 were not LNs (false 
detection ratio, 0.0034). Comparably, among 70 patients in 
Group 2, 943 LNs were isolated from ND specimens by the 
same attending doctor who participated in this experiment, 
among which 28 were not LNs (false detection ratio, 0.0296).

Discussion

The presence of LN metastasis has long been one of the most 
important prognostic factors for the survival of patients with 
OSCC (7). LN associated factors, including the number (or 
density) of LNs (8-10), the number (or ratio) of positive LNs 
and LNs with extracapsular metastasis (11-14), and the location 
of positive LNs or LNs with extracapsular metastasis (6,13), 
were reported to be related to the prognosis of OSCC patients 
and could guide adjuvant therapy. According to the 8th edition 
of the TNM staging system, the number of positive LNs has 
become a crucial factor in determining the N category (15).

However, an accurate location and thorough separation of 
the LNs is essential. Unfortunately, once an ND specimen is 
removed from the patient, with the loss of anatomic references, 
it is difficult to divide the specimen accurately according to 
the neck division standard (16), especially for inexperienced 
doctors. Moreover, the traditional method of identifying LNs 
relied merely on differences of touch and color between the 
LNs and connective tissues. This method could lead to the 
incomplete separation of LNs and also result in false detection 
by mistaking adipose tissue for LNs.

As described earlier, the OLNDS was designed to locate 
LDS more accurately than the traditional method, especially 
for junior doctors. Further, magnets could be used to fix and 
stretch the specimen, thus making the tissue thinner for the 
light to come through. Light blockage board or LN localiza-
tion board printed with light blockage area could block out 
unnecessary light. As the light was quite strong, by using 
different light blockage combination could ensure that light 
only came through the tissue, thus making it much easier for 
the surgeons to look directly at the tissue.

In our actual practice with OLNDS, the ND specimen 
was first submitted to the traditional LN separation proce-
dure. When no more LNs could be found with the traditional 

procedure, the light was turned on and the same surgeon 
searched for LNs again with the help of OLNDS. In most of 
the patients, we found more LNs, which would otherwise have 
been missed, with OLNDS. This effect was more obvious 
for junior doctors, who often lack experience compared with 
senior doctors.

Further, with OLNDS, surgeons could find smaller LNs 
than with the traditional method. For small LNs hidden inside 
the specimen, it is natural that surgeons could not see or feel 
them. However, under the strong light of OLNDS, the small 
LNs revealed themselves as little dark spots.

Another problem with LN separation was false detection; 
in most cases, fat tissue was mistaken for LNs. With OLNDS, 
the false detection rate was reduced. Some fat tissue can be 
round like a LN, and some LNs can be light in color like fat 
tissue. With OLNDS, the difference can be visualized as LNs 
generally have a higher density. The major disadvantage of 
OLNDS is that it is more time-consuming than the traditional 
method alone. This is the challenge in applying the OLNDS.

The follow-up period of patients in group 1 was between 
5 and 29 months (average 23 months). During this time, no 
recurrence was recorded. Seven patients died from OSCC, 
and 10 had metastasis. Among the 63 patients in group 1, the 
2‑year OS rate was 88.9%, the 2‑year recurrence‑free survival 
rate was 100%, and the 2‑year metastasis‑free survival (MFS) 
rate was 84.1%. We reviewed 680 OSCC patients whose ND 
specimen was searched for LNs with the traditional method 
and found their 2‑year OS rate was 90.9%, the 2‑year recur-
rence‑free survival rate was 89.5%, and the 2‑year MFS rate 
was 90.0%. We attribute the seemingly different 2‑year OS, 
RFS, and MFS rates to the comparatively small sample we 
included in this study. As the OLNDS was designed to comple-
ment the traditional method and was used only after no more 
LN could be found with the traditional method, it would only 
improve the separation of LNs. As we include more patients 
in the study and expand the follow-up period, we believe we 
can better design treatment for and improve the prognosis of 
OSCC patients.

In conclusion, even though OLNDS is never meant to be 
an independent LN separation method, it can be a powerful 
supplement to the traditional method and may significantly 
increase the location accuracy separation rate of LNs. As LN 
metastasis is an important prognosis-related factor not only of 
oral cancer but also melanoma, breast cancer, and other solid 
tumors (17-19), OLNDS can be used to deepen the study of LN 
metastasis of various cancers. Its value should be further veri-
fied by linking the accurate number and location of positive 
LNs with prognosis.
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Figure 4. OLNDS can help find smaller lymph nodes than the traditional 
method (mean value was compared with paired Student's t-test, ***P<0.001). 
OLNDS, optical lymph nodes detection system; LN, lymph node.
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