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Chinese medical named entity recognition (NER) is a fundamental task in Chinese medical natural 
language processing, aiming to recognize Chinese medical entities within unstructured medical 
texts. However, it poses significant challenges mainly due to the extensive usage of medical terms 
in Chinese medical texts. Although previous studies have made attempts to incorporate lexical 
or radical knowledge in order to improve the comprehension of medical texts, these studies 
either focus solely on one of these aspects or utilize a basic concatenation operation to combine 
these features, which fails to fully utilize the potential of lexical and radical knowledge. In this 
paper, we propose a novel Cascaded LAttice-and-Radical Transformer (CLART) network to exploit 
both lexical and radical information for Chinese medical NER. Specifically, given a sentence, a 
medical lexicon, and a radical dictionary, we first construct a flat lattice (i.e., character-word 
sequence) for the sentence and radical components of each Chinese character through word 
matching and radical parsing, respectively. We then employ a lattice Transformer module to 
capture the dense interactions between characters and matched words, facilitating the enhanced 
utilization of lexical knowledge. Subsequently, we design a radical Transformer module to model 
the dense interactions between the lattice and radical features, facilitating better fusion of the 
lexical and radical knowledge. Finally, we feed the updated lattice-and-radical-aware character 
representations into a Conditional Random Fields (CRF) decoder to obtain the predicted labels. 
Experimental results conducted on two publicly available Chinese medical NER datasets show the 
effectiveness of the proposed method.

1. Introduction

Chinese medical NER is a crucial task in Chinese medical text analysis [16], which aims to extract predefined types of entities 
from unstructured medical texts. These texts may come from different sources, such as Chinese electronic medical records (EMRs) and 
traditional Chinese medicine (TCM) manuals, each with its own predefined types. For example, predefined types in EMRs may include 
“  (Disease)”, “  (Treatment)”, and “  (Lab Test)”, while those in TCM manuals may include “  (Drug)”, “  
(Drug Ingredient)”, and “  (Drug Taste)”. Due to the broad range of applications associated with the extracted medical 
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Fig. 1. An example to illustrate the character-word lattice structure and the radicals of each Chinese character. We do not translate the radicals since some of the 
radicals only represent the pronunciation of the character (e.g. the radical “ ” of the character “ ”).

entities, such as medical knowledge graph construction [24], medical relation extraction [38], and medical question answering [15], 
Chinese medical NER has attracted considerable attention [40,18,27,34]. Although Chinese NER has shown promising results in the 
general domain [39,28,17,10], it encounters significant challenges when applied in the medical domain. This is primarily due to the 
extensive range of medical terms involved in Chinese medical NER, which usually requires a deep understanding of medical texts to 
ensure accurate recognition [40].

A widely adopted approach to enhance the recognition of medical terms from unstructured medical texts is to introduce medical 
knowledge with a lexicon [20,32,40,34]. Earlier approaches [20,32] employ the bidirectional maximum matching (BDMM) algo-

rithm [5] to obtain matched lexical words in a sentence and then convert these matched words as features for the NER model. 
However, matched words acquired by the BDMM algorithm may be inaccurate. For instance, in Fig. 1, if the BDMM algorithm is 
used to match the sentence with the medical lexicon, only the word “  (Pain and swelling)” will be matched. However, the 
correct entities are “  (Pain)” and “  (Swelling)”. The wrong matched word “  (Pain and swelling)” may affect the pre-

diction. To address the issue of incorrect matched words, LatticeLSTM [39,40] is proposed to integrate the lexical information with a 
character-word lattice structure, which is a graph composed of characters and all matched words, as illustrated in Fig. 1. The lattice 
structure contains three matched words, including “  (Pain)”, “  (Pain and swelling)”, and “  (Swelling)”. The model 
dynamically calculates the weight of each matched word to mitigate issues caused by incorrect matching. Besides, MKRGCN [34]

is also proposed to leverage the lexical information from both the lexicon and knowledge graph. It models a relational graph con-

structed from characters and all matched words using a relational graph convolutional network [26]. To optimize the efficiency, Li 
et al. [17] design a flat-lattice Transformer (FLAT), which flattens the lattice into a character-word sequence (i.e., token sequence2). 
The self-attention mechanism [30,2] is employed in FLAT to model the lattice features. Although FLAT achieves state-of-the-art 
performance in terms of both effectiveness and efficiency in the general domain, this method does not take into account the radical 
information that is essential for medical entity recognition.

Recently, radicals of each Chinese character are also exploited to enhance the recognition of medical terms from unstructured 
medical texts, especially helping the identification of entity types [18,27]. For instance, in Fig. 1, the character “  (Knee)” contains 
two radicals “ ” and “ ”. The radical “ ” is often associated with entities with “body” type, which helps to identify the “body” type 
of the entity “  (Left knee)”. Therefore, the effective incorporation of radical information is crucial for the task. A straightforward 
solution is to integrate the radical features in the embedding layer [18,27] through a concatenation operation. However, this only 
achieves token-level fusion and does not model the dense interactions between radical and lattice features. We argue that the dense 
interactions between radical and lattice features can capture global information, benefiting the prediction of the entity type. For 
example, although the character “  (Swelling)” contains the radical “ ” (typically related to body parts), “  (Swelling)” refers 
to a symptom. For “  (Swelling)”, being able to interact with the radical “ ” (usually associated with symptoms and diseases) 
contained in the nearby characters “  (Pain)” and “  (Pain)” would facilitate the accurate identification of “  (Swelling)” as a 
symptom entity.

In this paper, we propose a novel Cascaded LAttice-and-Radical Transformer (CLART) network to exploit both lexical and radical 
information for Chinese medical NER. CLART takes advantage of FLAT [17] in modeling lattice features and further extends FLAT by 
incorporating radical features, which play a guiding role in medical texts. Unlike the straightforward integration of both lattice and 
radical features by concatenation operation [18,27], CLART employs a radical Transformer to effectively model the dense interactions 
between the lattice and radical features, thus facilitating better fusion of the lexical and radical knowledge. Specifically, given a 
sentence, a medical lexicon, and a radical dictionary, we construct a flat lattice (i.e., character-word sequence or token sequence) for 
the sentence and radical components of each Chinese character through word matching and radical parsing, respectively. Then, we 
convert the flat lattice, radical components, and relative positions to the corresponding embeddings using the embedding layer. Next, 
we feed the lattice embeddings and relative position embeddings into the lattice Transformer module to extract the lattice features. 
2

2 Following [17], we use the term “token” to represent a character in a sentence or a matched word in a lexicon.
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Subsequently, we feed the lattice features, radical-level embeddings, and relative position embeddings into the radical Transformer 
module to fuse the radical and lattice features. Finally, we feed the updated lattice-and-radical-aware character representations into 
a conditional random fields (CRF) decoder to predict labels for each Chinese character.

Our contributions can be summarized as follows:

• We propose a novel CLART network that cascades a lattice Transformer module and a radical Transformer module for Chi-

nese medical NER. The network aims to leverage both lexical and radical knowledge effectively in order to achieve a deep 
understanding of medical texts, thereby ensuring accurate recognition of medical entities.

• We employ a lattice Transformer module to effectively capture the dense interactions between characters and matched words, 
thereby facilitating the enhanced utilization of lexical knowledge from a medical lexicon.

• We design a radical Transformer module to effectively model the dense interactions between the lattice and radical features, 
thus facilitating better fusion of the lexical and radical knowledge.

• We conduct extensive experiments on two public Chinese medical NER datasets. The experimental results show that CLART 
significantly outperforms previous methods, thus highlighting the effectiveness of the proposed approach. We will release our 
code at https://github .com /starlight0818 /clart to facilitate further research in this field.

2. Related work

Chinese medical NER has received widespread attention among researchers, as it can extract valuable structured information from 
unstructured medical text, assisting doctors in efficiently analyzing medical documents. This task is typically defined as a sequence 
labeling task, and traditional methods often utilize statistical machine learning methods [37,21,22]. Although these methods exhibit 
good generalization performance, they require manual feature engineering, which entails high labor costs.

Recently, deep learning methods have experienced rapid development. Unsupervised pre-trained language models [23,25,3] are 
used to obtain text representations, and different neural networks [9,12,30] are designed to automatically extract text features, 
reducing manual efforts. Consequently, many studies have applied deep learning methods to the Chinese medical NER task. Among 
them, the LSTM-based models [14,19,29,33], which use LSTM [9] as the encoder to capture text features and CRF as the decoder 
to predict labels, are the most widely used methods. However, the recurrent structure of LSTM hinders the full utilization of GPU 
parallel processing capabilities, thus limiting the speed of its training and inference. To enhance the overall efficiency, Transformer-

based models [7,35,31] have been employed for the NER task. Transformer-based models can fully exploit the parallel computing 
capabilities of GPUs, leading to substantial improvements in efficiency. Moreover, their ability to model long-distance dependencies 
brings an additional performance boost. In this work, we also leverage the advantages of the Transformer architecture and design a 
novel Transformer-based network for the Chinese medical NER task.

Although the aforementioned models have demonstrated promising results in the general domain [39,28,17,10], Chinese NER 
faces significant challenges when applied in the medical domain. This can be attributed primarily to the extensive range of 
medical terms involved, which requires a profound understanding of medical knowledge for accurate recognition [40]. To this 
end, researchers have attempted to introduce external medical knowledge to enhance the recognition of medical terms from un-

structured medical texts [39,17,4]. A commonly employed strategy is to incorporate medical knowledge through the use of a 
lexicon [20,32,40,34]. Earlier research efforts [20,32] leverage the BDMM algorithm [5] to extract matched lexical words from 
a sentence. These matched words are subsequently transformed into features for the NER model. In order to address the issue of 
incorrect matched words introduced by the BDMM algorithm, AT-LatticeLSTM [40] employs LatticeLSTM [39] encoder to dynami-

cally integrate the lexical information. Additionally, adversarial training [6] is employed to enhance the model’s robustness. Besides, 
MKRGCN [34] is introduced to leverage the lexical information derived from both the lexicon and knowledge graph. It constructs a 
relational graph consisting of characters and all matched words. This graph is then utilized by employing a relational graph convolu-

tional network [26] to effectively model the relationships within the graph. Recently, there has been a growing focus on leveraging 
the radicals associated with each Chinese character to enhance the recognition of medical terms from unstructured medical texts, 
especially helping the identification of entity types [18,27]. Li et al. [18] integrate the radical information in the embedding layer, 
encode the character sequence with LSTM, and exploit the lexical information in a post-processing way. MLSFN [27] fuses both the 
radical and lexical information through concatenation in the embedding layer and also encodes the character sequence with LSTM. 
Besides, MLSFN also considers phonetic and syntactic information. In this work, we consider both the lexical and radical knowledge 
and design a cascaded Transformer network to better integrate these two types of semantic information.

3. Proposed method

Fig. 2 shows the overall architecture of the proposed method for Chinese medical NER, which consists of four main components, 
i.e., lattice and radical construction, embedding layer, CLART encoder, and CRF decoder. Given a sentence, a medical lexicon, and a 
radical dictionary, we construct a flat lattice (i.e., character-word sequence or token sequence) for the sentence and radical compo-

nents of each Chinese character through word matching and radical parsing. Then, we convert the flat lattice, radical components, 
and relative positions to the corresponding embeddings using the embedding layer. Next, we encode the sentence by passing the 
lattice embeddings, radical-level embeddings, and relative position embeddings to the CLART encoder to integrate the lattice and 
radical features. Finally, we feed the updated lattice-and-radical-aware character representations into the CRF decoder to obtain the 
3

prediction results.

https://github.com/starlight0818/clart
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Fig. 2. The overall architecture of the proposed method for Chinese medical NER. The left part illustrates the pipeline of the architecture, and the right part shows 
the detail of the CLART network. “Rel Pos” and “Emb” are short for relative position and embeddings, respectively.

3.1. Lattice and radical construction

3.1.1. Lattice construction

A medical lexicon usually contains a large number of medical terms, such as “  (swelling)” and “  (Pain and swelling)”, 
which can provide prior knowledge for Chinese medical NER. Traditional methods integrate lexical information via word seg-

mentation, which may suffer the error propagation problem [39], as mentioned in Section 1. To alleviate this issue, following 
LatticeLSTM [39] and FLAT [17], we introduce the lattice structure, which can integrate the lexical information from all matched 
words. Specifically, given a sentence (i.e., character sequence) and a medical lexicon, we get a set of matched words by matching the 
sentence with the lexicon. Then, we can obtain a lattice, which is a graph structure consisting of characters, and all matched words, 
as shown in Fig. 1.

As the Transformer architecture cannot directly model graph-structured data, following FLAT [17], we convert the graph-

structured lattice to a flat lattice, as shown in Fig. 2. We first flatten the lattice by appending the matched words to the end of 
the character sequence. We use the term “token” to represent a character or a word. For example, we append all matched words, 
including “  (Pain)”, “  (Pain and swelling)”, “  (Swelling)”, to the end of the character sequence “  (Pain 
and swelling in the left knee)”. We then assign head and tail positions to each token. The head and tail positions are the position of 
the first and last characters in the token, respectively. If a token comprises only one character, the head and tail positions are the 
same. For example, since the positions of the first character “  (Pain)” and the last character “  (Pain)” in the matched word “  
(Pain)” are “3” and “6”, we assign head and tail positions to the token “  (Pain)” as “3” and “6”, respectively.

3.1.2. Radical construction

Unlike English, radicals are unique features in Chinese characters and contain rich semantic information. They play an important 
role in understanding the meaning of Chinese characters [18]. For example, the radical “ ” is usually associated with symptoms 
and diseases, which can provide guidance for the model. By incorporating radical information, we can leverage this unique linguistic 
feature to boost the performance on the Chinese medical NER task. Specifically, given a sentence and a radical dictionary, we get 
radical components of each Chinese character by parsing each Chinese character in the sentence with the radical dictionary. As 
shown in Fig. 2, we get the radical component “ ” and “ ” of the Chinese character “  (Pain)” by parsing the character “  
(Pain)” with the radical dictionary.

3.2. Embedding layer

3.2.1. Lattice embeddings

Since a lattice consists of characters and matched words, we first initialize character embeddings and word embeddings, and then 
obtain the lattice embeddings based on the character embeddings and word embeddings. For character embeddings, we map each 
character to its corresponding character embeddings using pre-trained character vectors. The pre-trained character vectors can be 
either static vectors, such as Word2Vec [23], or dynamic vectors, such as BERT [3]. For word embeddings, we randomly initialize the 
embeddings of the matched words. We then employ a linear layer to transform the dimensions of the character and word embeddings 
4

into 𝑑𝑚𝑜𝑑𝑒𝑙 . Finally, we concatenate the transformed character and word embeddings to obtain the lattice embeddings 𝐸𝐿 .
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3.2.2. Radical-level embeddings

We randomly initialize the embeddings for each radical component. We then utilize a CNN [12] network to aggregate the features 
of multiple radical components contained within the character (e.g., the character “  (Left)” contains three radical components: 
“ , , ”), thereby obtaining the final aggregated radical-level embeddings for the given character. We use 𝐸𝑅 to represent the 
aggregated radical-level embeddings.

3.2.3. Relative position embeddings

Following FLAT [17], we represent the relative position information of tokens by calculating the distance between their head and 
tail positions. Let ℎ𝑒𝑎𝑑𝑖 and 𝑡𝑎𝑖𝑙𝑖 donate the head and tail position of the token indexed at 𝑖. We can calculate the relative distances 
𝑑ℎℎ
𝑖𝑗

and 𝑑𝑡𝑡
𝑖𝑗

between tokens indexed at 𝑖 and 𝑗 in the lattice. The formulas are shown in Eq. (1) and Eq. (2):

𝑑ℎℎ𝑖𝑗 = ℎ𝑒𝑎𝑑𝑖 − ℎ𝑒𝑎𝑑𝑗 (1)

𝑑𝑡𝑡𝑖𝑗 = 𝑡𝑎𝑖𝑙𝑖 − 𝑡𝑎𝑖𝑙𝑗 (2)

We use 𝐸𝑃 to represent the relative position embeddings of the token sequence, and we use the following Eq. (3) to calculate the 
relative position embeddings for the tokens indexed at 𝑖 and 𝑗:

𝐸𝑃𝑖𝑗
= ReLU

(
𝑊 𝑃

(
𝑝𝑑ℎℎ

𝑖𝑗
⊕ 𝑝𝑑𝑡𝑡

𝑖𝑗

))
(3)

where 𝑊 𝑃 is a learnable parameter, ⊕ denotes concatenation operation, and 𝑝𝑑 is the position encoding calculated with the Eq. (4)

and Eq. (5) [30]:

𝑝
(2𝑘)
𝑑

= sin
(
𝑑∕100002𝑘∕𝑑𝑚𝑜𝑑𝑒𝑙

)
(4)

𝑝
(2𝑘+1)
𝑑

= cos
(
𝑑∕100002𝑘∕𝑑model

)
(5)

where 𝑑 is 𝑑ℎℎ
𝑖𝑗

or 𝑑𝑡𝑡
𝑖𝑗

, and 𝑘 denotes the index of the dimension of 𝑝𝑑 .

The corresponding radical components of each token share the same head and tail positions of the token, and thus share the same 
relative position embeddings.

3.3. CLART encoder

3.3.1. Lattice transformer

The lattice Transformer aims to integrate lexical information into the character representations via the character-word lattice 
structure. The self-attention (SA) module in the lattice Transformer models the dense interactions between characters and matched 
words. We adopt a variant of the self-attention mechanism [2] that incorporates relative positions, as the inclusion of directional 
information from relative positions yields substantial advantages for the NER task [35].

Given the lattice embeddings 𝐸𝐿 and the relative position embeddings 𝐸𝑃 , we perform a linear mapping of 𝐸𝐿 to obtain the 
matrices 𝑄𝐿, 𝐾𝐿, and 𝑉𝐿. Then, we calculate the self-attention with the following Eqs. (6), (7), and (8):

SA𝐿←𝐿

(
𝐸𝐿,𝐸𝑃

)
= sof tmax

(
𝐴𝐿←𝐿

)
𝑉𝐿 (6)

𝐴𝐿←𝐿,𝑖𝑗 =
(
𝑄𝐿,𝑖 + 𝑢𝐿

)T
𝐾𝐿,𝑗 +

(
𝑄𝐿,𝑖 + 𝑣𝐿

)T
𝐸𝑃𝑖𝑗

𝑊 𝑃
𝐿

(7)

𝑄𝐿,𝐾𝐿,𝑉𝐿 =𝐸𝐿

[
𝑊

𝑄
𝐿
,𝑊 𝐾

𝐿
,𝑊 𝑉

𝐿

]
(8)

where 𝑊𝑄
𝐿

, 𝑊𝐾
𝐿

, 𝑊 𝑉
𝐿

, and 𝑊 𝑃
𝐿

∈ℝ𝑑𝑚𝑜𝑑𝑒𝑙×𝑑ℎ𝑒𝑎𝑑 , and 𝑢𝐿, 𝑣𝐿 ∈ℝ𝑑ℎ𝑒𝑎𝑑 are learnable parameters.

Next, we calculate the multi-head self-attention (MSA) by concatenating the outputs from ℎ heads followed by a linear projection, 
as shown in Eq. (9):

MSA
(
𝐸𝐿,𝐸𝑃

)
= [SA1(𝐸𝐿,𝐸𝑃 ),… ,SAℎ(𝐸𝐿,𝐸𝑃 )]𝑊 𝑂

𝐿
(9)

where 𝑊 𝑂
𝐿

∈ℝ𝑑𝑚𝑜𝑑𝑒𝑙×𝑑ℎ𝑒𝑎𝑑 is a learnable parameter.

The output of MSA will be further processed by residual connection [8] and layer normalization (LayerNorm) [1]. Subsequently, 
we obtain the intermediate output denoted as 𝑍. We then feed 𝑍 into a feed-forward network (FFN) for non-linear transformation. 
Finally, we apply another round of residual connection and layer normalization to generate the output denoted as 𝐻𝐿←𝐿. The 
calculation formulas are shown in Eq. (10) and Eq. (11):

𝐻𝐿←𝐿 = LayerNorm(FFN (𝑍) +𝑍
)

(10)

𝑍 = LayerNorm(MSA
(
𝐸𝐿,𝐸𝑃

)
+𝐸𝐿

)
(11)

3.3.2. Radical transformer

After the lattice Transformer, lexical information has been integrated into the character representations. We design the radical 
5

Transformer to further integrate radical information into the character representations. The radical Transformer models dense in-
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teractions between the lattice and radical features through a cross-attention module. Following the self-attention used in the lattice 
Transformer, we also adopt a variant of the cross-attention that incorporates the relative position.

Given the output 𝐻𝐿←𝐿 of the lattice Transformer, the radical-level embeddings 𝐸𝑅 and the relative position embeddings 𝐸𝑃 , we 
perform a linear mapping of 𝐻𝐿←𝐿 to obtain the matrix 𝑄̃𝐿 and we also map 𝐸𝑅 to the matrices 𝐾𝑅 and 𝑉𝑅. Then, we compute the 
cross-attention (CA) with the following Eqs. (12), (13), (14) and (15):

CA𝐿←𝑅

(
𝐻𝐿←𝐿,𝐸𝑅,𝐸𝑃

)
= sof tmax

(
𝐴𝐿←𝑅

)
𝑉𝑅 (12)

𝐴𝐿←𝑅,𝑖𝑗 =
(
𝑄̃𝐿,𝑖 + 𝑢𝑅

)T
𝐾𝑅,𝑗 +

(
𝑄̃𝐿,𝑖 + 𝑣𝑅

)T
𝐸𝑃𝑖𝑗

𝑊 𝑃
𝑅

(13)

𝑄̃𝐿 =𝐻𝐿←𝐿𝑊
𝑄
𝐿←𝐿

(14)

𝐾𝑅,𝑉𝑅 =𝐸𝑅

[
𝑊 𝐾

𝑅
,𝑊 𝑉

𝑅

]
(15)

where 𝑊𝑄
𝐿←𝐿

, 𝑊 𝐾
𝑅

, 𝑊 𝑉
𝑅

, and 𝑊 𝑃
𝑅

∈ℝ𝑑𝑚𝑜𝑑𝑒𝑙×𝑑ℎ𝑒𝑎𝑑 , and 𝑢𝑅, 𝑣𝑅 ∈ℝ𝑑ℎ𝑒𝑎𝑑 are learnable parameters.

The subsequent calculations follow the same procedure as the lattice Transformer. Finally, we obtain the updated lattice-and-

radical-aware character representations from the radical Transformer denoted as 𝐻𝐿←𝑅 .

3.4. CRF decoder

After the Radical Transformer, the character representations are enriched by integrating both lexical and radical information. We 
apply a CRF [13] decoder to predict the output labels. Given a sentence 𝑋 = (𝑥1, 𝑥2, ..., 𝑥𝑛), the probability of the output tag sequence 
𝑌 = {𝑦1, 𝑦2, ..., 𝑦𝑛} is calculated as Eq. (16):

Pr (𝑌 ∣𝑋) =
∏𝑛

𝑖=1 𝜑
(
𝑦𝑖−1, 𝑦𝑖 ∣𝑋

)
∑

𝑦′∈
∏𝑛

𝑖=1 𝜑
(
𝑦′
𝑖−1, 𝑦

′
𝑖
∣𝑋

) (16)

where  is the set of all possible tags, 𝜑 
(
𝑦𝑖−1, 𝑦𝑖,𝑋

)
= exp(𝑊𝑦𝑖−1 ,𝑦𝑖

𝐻𝐿←𝑅 + 𝑏𝑦𝑖−1 ,𝑦𝑖 ), and 𝑊𝑦𝑖−1 ,𝑦𝑖
, 𝑏𝑦𝑖−1 ,𝑦𝑖 are trainable parameters. The 

training loss is calculated as Eq. (17):

 = −
𝑛∑
𝑖=1

log
(
Pr

(
𝑦𝑖 ∣𝑋

))
(17)

4. Experiments

4.1. Experiment settings

4.1.1. Datasets

We evaluated our method on two public Chinese medical datasets of different types. (1) CCKS2017 dataset.3 This dataset comes 
from real-world Chinese electronic medical records. 1,596 annotated records with 5 entity types are used for evaluation. This dataset 
is originally split into train and test sets, with 1,198 and 398 records, respectively. Since we need to tune the hyper-parameters of the 
model with a development set, we randomly select 198 records from the train set as the development set. (2) TCM2020 dataset.4

This dataset comes from traditional Chinese medicine manuals. 700 annotated manuals with 13 entity types are used for evaluation. 
This dataset is split into train, development, and test sets, with 420, 140, and 140 manuals, respectively.

4.1.2. Baselines and evaluation metrics

As shown in Table 1, we compare our approach with the following three categories (see the “Features” column of the table) of 
state-of-the-art baseline methods. All these methods employ a CRF decoder to predict labels, with differences in feature selection and 
encoder design. (1) Methods without using any lexical and radical information. LSTM [11] and TENER [35] employ LSTM [9]

and Transformer [30] encoders to model text sequence features, respectively. BERT+LSTM [11] and BERT+TENER combine the pre-

trained model BERT [3] with LSTM and Transformer, respectively. (2) Methods that use lexical information. AT-LatticeLSTM [40]

and FLAT [17] use LatticeLSTM [39] and Lattice Transformer [17] encoders to model lattice structure features, respectively. Ad-

versarial training [6] is applied in AT-LatticeLSTM to enhance model stability. BERT+MKRGCN [34] model uses the pre-trained 
model pre-trained on medical texts, utilizes the lexical information from both the lexicon and the knowledge graph, and models 
the relational graphs constructed of words and characters via the relational graph convolutional network [26]. BERT+FLAT [17]

combines the pre-trained model BERT with FLAT. (3) Methods that use both lexical and radical information. MLSFN [27] model 
considers not only lexical and radical information but also phonetic and syntactic information. For a fair comparison, we select the 
results from the paper [27] that utilizes only lexical and radical information. MLSFN fuses the radical and lexical information through 
concatenation in the embedding layer and then encodes the character sequence with LSTM. BERT+LSTM∗ [18] uses the pre-trained 

3 https://www .biendata .xyz /competition /CCKS2017 _2/.
6

4 https://tianchi .aliyun .com /dataset /86819.

https://www.biendata.xyz/competition/CCKS2017_2/
https://tianchi.aliyun.com/dataset/86819
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Table 1

Comparison of different approaches on CCKS2017 and TCM2020 datasets (%). Models in the first part initialize character embeddings using Word2Vec [23], and 
those in the second part (named with BERT+X) initialize character embeddings using BERT [3]. The “Features” column lists whether the model utilizes lexical and 
radical information, and specifies the type of information used. The “Encoder” column lists the encoder the model utilized. ∗ donates a variant of LSTM that integrates 
radical information in the embeddings layer and exploits the lexical information in a post-processing way. † means the improvements over baselines are statistically 
significant (p-value < 0.05 based on the paired t-test).

Model Features Encoder CCKS2017 TCM2020

P R F1 P R F1

LSTM [11] - LSTM 89.53 85.89 87.67 67.29 78.61 72.51

TENER [35] - Transformer 89.82 87.16 88.47 68.73 82.02 74.79

AT-LatticeLSTM [40] lexical LSTM 88.98 90.28 89.64 - - -

FLAT [17] lexical Transformer 90.24 90.65 90.44 67.63 86.81 76.03

MLSFN [27] lexical+radical LSTM 89.28 91.00 90.13 - - -

CLART (Ours) lexical+radical Transformer 90.70 90.81 90.75† 69.41 84.68 76.39†

BERT+LSTM [11] - LSTM 90.78 90.29 90.53 71.95 83.55 77.31

BERT+TENER [35] - Transformer 90.97 90.15 90.56 71.96 83.87 77.46

BERT+MKRGCN [34] lexical LSTM+GCN - - 91.13 - - -

BERT+FLAT [17] lexical Transformer 91.43 91.14 91.29 72.52 85.66 78.54

BERT+LSTM∗ [18] lexical+radical LSTM 91.76 90.88 91.32 71.10 87.19 78.33

BERT+CLART (Ours) lexical+radical Transformer 91.50 91.81 91.66† 73.53 85.21 78.94†

model pre-trained on medical texts, integrates the radical information in the embedding layer, encodes the character sequence with 
LSTM, and exploits the lexical information in a post-processing way.

We use the standard Precision (P), Recall (R), and F1 score (F) metrics to evaluate these methods. The results reported in the 
paper are obtained through our reproduction of open-source code or from the reported results in the original paper. Specifically, we 
rerun LSTM and BERT+LSTM with the built-in code of the FastNLP5 framework while we rerun TENER, FLAT, BERT+TENER and 
BERT+FLAT with the official open-source code. We rerun BERT+LSTM∗ with the official open-source code on TCM2020. We use 
the reported results on CCKS2017 for AT-LatticeLSTM, MLSFN, BERT+MKRGCN and BERT+LSTM∗.

4.1.3. Implementation details

We implement the proposed CLART model based on the FastNLP framework. The implementation details are as follows: (1)

External resources. For CLART, We use the Word2Vec [23] released by Yang et al. [36] to obtain character embeddings, and 
for BERT+CLART, we use the BERT [3] from FastNLP with the “cn-wwm-ext” version to obtain character embeddings. We use the 
entities in CMEKG,6 which is a Chinese medical knowledge graph, as the lexicon. We use a public radical dictionary7 to parse radicals 
for each Chinese character. Word embeddings and radical component embeddings are randomly initialized. All the character, word, 
and radical component embeddings are trainable during fine-tuning. (2) Preprocess. We convert the annotated data to the widely-

adopted BIO format. For example, we convert the annotation for an entity “  (Left knee)” with “Body” type to “B-Body” and 
“I-Body” for the characters “ ” and “ ”, respectively. We split the sentence by punctuation marks “.”, “ ”, “;” if it contains more 
than 200 characters. (3) Hyper-parameters. We set the batch size to 10, the number of epochs to 50, and the learning rate to 0.001. 
We use SGD as the optimizer. For CCKS2017, we set the head number of the Transformer to 6, the head dimension to 20, and the 
dropout rate of the linear layer to 0.1. For TCM2020, we set the head number to 8, the head dimension to 20, and the dropout rate 
of the linear layer to 0.15. We conduct all experiments with RTX 8000 GPUs.

4.2. Results and discussion

4.2.1. Overall results

We compare our approach with baselines in three categories (see the “Features” column of Table 1): methods without using any 
lexical and radical information, methods that use lexical information, and methods that use both lexical and radical information. 
Besides, We also compare the models which initialize character embeddings using Word2Vec [23] and BERT [3], respectively. We 
run our proposed model 5 times with different seeds, and we report the average scores to ensure robust results.

The results without BERT embeddings are shown in the first part of Table 1. We have the following findings. (1) Models that use 
lexical information outperform the models without the lexicon (AT-LatticeLSTM vs. LSTM, FLAT vs. TENER), indicating the effec-

tiveness of incorporating the lexical information for the different Chinese medical NER models. (2) MLSFN, which incorporates both 
lexical and radical information, outperforms the lexicon-enhanced model AT-LatticeLSTM. This indicates that, in addition to lexical 
information, radical information plays a significant role in enhancing performance. Additionally, it is worth noting that FLAT, which 
only uses lexical information, outperforms MLSFN. A possible reason is that FLAT, utilizing the Transformer architecture, can better 
integrate lexical information compared to MLSFN, which employs an LSTM encoder. (3) Our proposed model CLART outperforms all 

5 https://github .com /fastnlp /fastNLP.
6 https://tianchi .aliyun .com /dataset /81506.
7

7 https://github .com /kfcd /chaizi.

https://github.com/fastnlp/fastNLP
https://tianchi.aliyun.com/dataset/81506
https://github.com/kfcd/chaizi
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Table 2

Performance of different variants (%). LT and RT are short for lattice Transformer, and radical Transformer, respectively.

Model CCKS2017 TCM2020

P R F1 P R F1

BERT+CLART 91.50 91.81 91.66 73.53 85.21 78.94

w/o RT 91.43 91.14 91.29 72.52 85.66 78.54

w/o LT 91.67 90.98 91.32 72.36 85.45 78.36

w/o LT and RT 90.39 91.23 90.80 70.87 84.76 77.20

Variant A 91.15 92.17 91.66 73.73 85.11 79.01

Variant B 91.92 90.84 91.37 72.36 85.81 78.51

Fig. 3. (a) A simplified version of the proposed CLART model. (b) Variant A is a model to swap the order of the lattice and radical Transformer modules. (c) Variant 
B is a model to fuse the lattice and radical features by a basic concatenation operation.

baselines on both datasets, indicating that our model can more effectively integrate both lexical and radical information through the 
cascaded Transformer network.

The results with BERT embeddings are shown in the second part of Table 1. We have the following findings. (1) Models 
that use lexical information and BERT embeddings (BERT+MKRGCN and BERT+FLAT) outperform the model without the lexi-

con (BERT+LSTM and BERT+TENER). Besides, BERT+LSTM∗, which combines lexical information, radical information, and BERT 
embeddings, outperforms the lexicon-enhanced model BERT+MKRGCN. These comparisons indicate that the incorporation of lexical 
information and radical information still has a good complementary effect on the powerful character representation of BERT. (2) 
Although BERT+FLAT based on Transformer architecture does not utilize radical features, it still achieves comparable performance 
to BERT+LSTM∗, which illustrates the superiority of Transformer architecture. (3) Our proposed model BERT+CLART outperforms 
all baselines on both datasets, indicating that integrating both lexical and radical information with CLART is an effective way to 
boost the performance of BERT for Chinese medical NER.

4.2.2. Ablation study

To validate the effectiveness of the main components in the proposed method, we design ablation studies by removing different 
components from BERT+CLART as shown in the first part of Table 2. “w/o RT” means to remove the radical Transformer while 
keeping the lattice Transformer. In this case, the model degenerates to FLAT [17]. “w/o LT” means to remove the lattice Transformer 
while keeping the radical Transformer. “w/o LT and RT” means to remove both the lattice Transformer and radical Transformer. 
In this case, the model degrades to BERT+CRF. We have the following findings from the comparisons. When either the lattice 
Transformer or the radical Transformer is removed, there is a substantial drop in the F1 score. However, when both are removed, the 
decrease in the F1 score becomes even more significant. This clearly demonstrates the critical importance of both lexical and radical 
information in the Chinese medical NER task.

To evaluate the impact of different orders of the lattice and radical Transformer modules (i.e., first lattice then radical vs. first 
radical then lattice) and the impact of different fusion methods (i.e., concatenation vs. cross-attention) of the lattice and radical 
features, we further design two variants of the proposed CLART model. The proposed CLART model, Varian A and Variant B are 
shown in Fig. 3 (a), Fig. 3 (b) and Fig. 3 (c), respectively. In Variant A, we swap the order of the two modules of the CLART model 
while keeping the other configurations unchanged. In Variant B, we utilize a Transformer module similar to the lattice Transformer 
module, with the difference that we use concatenated embeddings of 𝐸𝐿 and 𝐸𝑅 as the input. The results of the comparisons are 
shown in the second part of Table 1. We have the following findings. The performance of Variant A is comparable to the proposed 
CLART model (BERT+CLART vs. Variant A), indicating that the order of the Transformer modules in our proposed model has little 
impact on the performance. The CLART model significantly outperforms Variant B (BERT+CLART vs. Variant B), indicating that 
modeling the dense interaction between the lattice and radical features via cross-attention leads to superior fusion results compared 
to a basic concatenation operation.

4.2.3. Comparisons on fine-grained entity types

We first analyze the distribution of representative radicals in each fine-grained entity type on the TCM2020 dataset to show the 
potential benefits of using radical features, as shown in Fig. 4. From the figure, we observe that there is a strong correlation between 
8

medical entity types and some specific radicals. For example, within the entity type of “Drug_Efficacy”, the radical “ ” exhibits 
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Fig. 4. Distribution of representative radicals on TCM2020 dataset.

Fig. 5. Results of fine-grained entity types on TCM2020 dataset.

a higher frequency of occurrence, associated with entities such as “  (Clearing heat and stopping bleeding)”, “  
(Activating blood circulation and dispersing cold)”. Similarly, within the entity type of “Drug_Taste”, the radical “ ” exhibits a 
higher frequency of occurrence, associated with entities such as “  (Sweet taste)”, “  (Spicy taste)”.

We then evaluate the performances of different CLART variants (introduced in Section 4.2.2) on the fine-grained entity types 
to further compare the impact of lexical and radical information, as shown in Fig. 5. We have the following findings: (1) The 
BERT+CLART model outperforms the other variants on most of the entity types. The trends are consistent with the overall results, 
indicating that the lexical and radical information can complement each other and bring greater improvement to the model. (2) 
In some entity types, such as “Drug_Efficacy”, BERT+CLART (w/o LT) outperforms BERT+CLART (w/o RT), indicating the radical 
information may bring more gain than the lexical information. A possible reason is that the distribution of radicals is more con-

centrated in these entity types, thus providing a better indicative capability. (3) For the entity type of “Drug_Taste”, BERT+CLART 
(w/o RT) performs worse than BERT+CLART (w/o LT and RT), possibly due to the noise introduced from the lexicon. However, 
BERT+CLART still outperforms BERT+CLART (w/o LT and RT) and achieves the best results, indicating the robustness of the model 
after incorporating both the lexical and radical information.

4.2.4. Case study

To validate the effectiveness of our model in leveraging lexical and radical information, we conduct a case study on the CCKS2017 
test set, as shown in Table 3.

In the first case, CLART without lattice Transformer (w/o LT) fails to identify the symptom entity “  (Congestion)”, whereas 
both CLART and CLART without radical Transformer (w/o RT) correctly recognize the entity. This is because the lexical word “  
(Congestion)” can help the model correctly identify the boundaries of the symptom entity “  (Congestion)”. Furthermore, in this 
case, there are conflicting matched words, i.e., “  (Facial swelling)” and “  (Swelling)”. “  (Facial swelling)” is 
9

the noise word. Both CLART and CLART (w/o RT) correctly identify the symptom entity “  (Swelling)”. This indicates that the 
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Table 3

Case study on the CCKS2017 test set. Contents with blue and red colors represent incorrect and correct entities, respectively. LT and RT are short for 
lattice Transformer, and radical Transformer, respectively.

Case 1

Sentence (truncated) (The right side of the face was swollen and congested)

Matched words (Face), (Facial swelling), (Swelling), (Congest)

Radical components
: ( ), : ( ), : ( ), : ( ),

: ( ), : ( ), : ( ), : ( )

Characters

Gold labels B-Body I-Body I-Body I-Body B-Symptom I-Symptom O B-Symptom I-Symptom

CLART B-Body I-Body I-Body I-Body B-Symptom I-Symptom O B-Symptom I-Symptom

CLART (w/o RT) B-Body I-Body I-Body I-Body B-Symptom I-Symptom O B-Symptom I-Symptom

CLART (w/o LT) B-Body I-Body I-Body I-Body B-Symptom I-Symptom O O O

Case 2

Sentence (truncated) (Fracture with sinus cavity effusion)

Matched words (Fracture), (Effusion)

radical
: ( ), : ( ), : ( ), : ( ),

: ( ), : ( ), : ( )

Characters

Gold labels B-Symptom I-Symptom O B-Body B-Body O O I-GPE I-GPE

CLART B-Symptom I-Symptom O B-Body B-Body O O I-GPE I-GPE

CLART (w/o RT) B-Symptom I-Symptom O O O O O I-GPE I-GPE

CLART (w/o LT) B-Symptom I-Symptom O B-Body B-Body O O I-GPE I-GPE

Fig. 6. Visualizations of the attention weights on the two cases.

lattice Transformer in these two models can dynamically choose appropriate words, thus mitigating the impact of noise in matched 
words.

In the second case, CLART (w/o RT) fails to identify the body entity “  (Sinus cavity)”, whereas both CLART and CLART (w/o 
LT) correctly recognize the entity. This is because the radical components of “  (Sinus cavity)” contain radicals like “ ” and “ ”, 
which are often associated with body entities. These radicals provide additional guiding information for the model to identify “  
(Sinus cavity)” as a body type entity.

These two cases demonstrate that our model can effectively utilize both lexical and radical information to enrich the semantic 
representations of characters, thereby accurately identifying the medical entities. Moreover, we visualize the attention weights for 
these two examples, as shown in Fig. 6. The vertical and horizontal axes represent the queries and keys of attention, respectively. 
From Fig. 6-(a), we observe that the Chinese characters “  (Congestion)” and “  (Blood)” have high attention weights on the 
lexical word “  (Congestion)”. This indicates that the model utilizes lexical information to identify the symptom entity “  
10

(Congestion)”. From Fig. 6-(b), we observe that the Chinese characters “  (Sinus)” and “  (Cavity)” have high attention weights 
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on the corresponding radicals “( , )” and “( , )”, respectively. This indicates that the model utilizes radical information to 
identify the body entity “  (Sinus cavity).”

5. Conclusions

In this work, we present a novel CLART network based on the Transformer architecture, which effectively leverages both lexical 
and radical knowledge to achieve a deep understanding of Chinese medical texts and ensure accurate recognition of medical entities. 
Extensive experiments conducted on two public Chinese medical NER datasets validate the effectiveness of our proposed approach. In 
the future, we plan to enhance our model by incorporating additional types of knowledge, such as phonetic and syntactic information, 
which have been demonstrated to be effective for Chinese medical NER [27].
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