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The objective of orthodontic treatment is to improve 

esthetic, phonetic and masticatory function of patients. 

The main outcome of orthodontic care is achievement of 

ideal dentofacial appearance.[1] Due to awareness among 

the people of modern era because of easy access to social 

and other media there is increased presentation for 
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orthodontic treatment at younger ages [2]. Orthopedic and 

functional appliances are usually used for correcting 

skeletal malrelations in growing patients [3]. Skeletal class 

II malocclusion is more amenable to growth modi�cation 

therapy than class III. Treatment at growing age is to modify 

skeletal growth to favorable direction [4]. Growth is 

Cervical Vertebral Maturation with Fishman's Skeletal Maturity Index 

I N T R O D U C T I O N

Assessment of skeletal maturity is paramount for orthodontists since optimal use and 

effectiveness of orthodontic and orthopedic appliances depends on it. Objective: To compare 

the cervical vertebral maturation (CVM) with Fishman's hand wrist radiograph (HWR) method in 

assessment of growth status. Methods: This comparative cross sectional study was conducted 

at the Orthodontics department at the Khyber College of dentistry, Peshawar on 100 

participants. The patients with 9 to 15 years of age, relatively well aligned arches, both genders, 

mild to moderate skeletal discrepancy, minimal dental compensations, vertical normal angle, 

and without temporomandibular joint disorders were included. Along with age and gender, 

stages of HWR and CVM were recorded.  HWRs were acquired by standardized method and 

lateral cephalograms were taken in natural head position.  The staging of HWR was done by 

using Fishman method while CVM staging. Comparison of CVM stages and Fishmann's HWR 

stages were done using chi-square test. Results: The mean age was 11.79 ± 1.62 years.   The 

females were 53(53%) and males were 47(47%). Most common stage of CVM was III (n=33, 33%) 

followed by IV (n=27, 27%). Similarly, common stage of hand wrist radiograph was III (n=32, 32%) 

followed by IV (n=28, 28%).There was no statistically signi�cant different between two methods 

for assessing skeletal growth status (p=0.697). Conclusions: Cervical vertebral maturation can 

have used as an alternative to hand wrist radiograph for growth assessment without an extra 

radiation.
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follows:

· Growth Stage I = CVM stage I = Fishman's skeletal 

maturity indicator (SMI) 1 – 3

· Growth Stage II = CVM stage II = Fishman's SMI 4 – 5

· Growth Stage III = CVM stage III = Fishman's SMI 6 – 

8

· Growth Stage IV = CVM stage IV = Fishman's SMI 9 – 

10

· Growth Stage V = CVM stage V = Fishman's SMI 11

The CVM staging were done from cervical stage 1 (CS1) to 

CS6 based on presence of concavity on inferior surface of 

cervical vertebra 2 to 4 and shape of these vertebrae 

according to Bacetti et al., [14]. Statistical analysis was 

done in R version 4.1.2. Continuous data like age were 

computed as mean and SD while qualitative variables like 

gender, CVM stages and HWR stages as frequencies and 

percentages.  Comparison of CVM stages and HWR stages 

were done using chi-square test. P ≤0.05 was signi�cant 

level.

M E T H O D

continuous process spanning over many years [5]. For 

successful growth modi�cation treatment the short 

possible time is of utmost importance to improve patients 

compliance, reduce �nancial burden, and minimize 

iatrogenic effect of orthodontic treatment [6]. Growth 

spurt is the period during maximum growth occurs in 

individuals. If the functional appliances are given to the  

patients during growth spurt with skeletal discrepancies 

optimal corrections can be expected [7]. Many indicators 

are available for assessing skeletal maturity for growing 

patients. Some of the biological indicators for growth 

determination are chronological age, dental age, tooth 

eruption, cervical vertebral maturation(CVM), hand wrist 

radiographs and peak height velocity [–8]. The gold 

standard for recording growth status of an individual is 

peak height velocity but it  involves longitudinal 

assessment of the subjects which not feasible from clinical 

stand point of view [9]. The reliability of hand wrist 

radiograph is next to peak height velocity but it is 

associated with extra radiation to the patients [10].  The 

CVM is very commonly used method for growth status 

assessment but there is a lot of controversies about its 

e�cacy [11, 12]. Some studies showed it is very effective 

and other show it is least affective [13]. The variation in 

results can be due to level of experience in assessing CVM 

staging, ethnic and genetic factors. There is lack of local 

literature on this topic. This study helped the clinicians in 

assessing the growth status with reliable method. This 

study was conducted to compare CVM against Fishman's 

hand wrist radiographic method in assessing skeletal 

growth status.

This comparative cross sectional study was conducted on 

100 cases conducted at the department of Orthodontics at 

the Khyber College of Dentistry, Peshawar, which is a 

tertiary care center.  A verbal informed consent was 

obtained from all participants after complete explanation 

of the study.  Hospital ethical approval was obtained. The 

inclusion criteria were patients 9 to 15 years of age, 

relatively well aligned arches, both genders, mild to 

moderate skeletal  d iscrepancy,  minimal  dental 

c o m p e n s a t i o n s ,  ve r t i c a l  n o r m a l  a n g l e,  a n d  n o 

temporomandibular joint disorders.  The cases with long 

face syndrome, severe skeletal dysplasia and non-

Pakistani nationals were excluded. Along with age and 

gender, stages of hand wrist radiograph (HWR) and CVM 

were recorded.  HWRs were acquired by standardized 

method and lateral cephalograms were taken in natural 

head position.  The staging of HWR was done by using 

Fishman method while CVM staging by Bacetti et al., [14].

The results of hand wrist radiograph evaluation were as 

R E S U L T S

The mean age was 11.79 ± 1.62 years with range from 9 to 15 

years.   The females were 53(53%) and males were 47(47%). 

Most common stage of CVM was III (n= 33, 33%) followed by 

IV (n = 27, 27%). Similarly, common stage of hand wrist 

radiograph was III (n=32, 32%) followed by IV (n=28, 28%) 

(Table 1).

Variable Characteristic n(%)

Gender

CVM stage

HWR stage

Female

Male

I

II

III

IV

V

I

II

III

IV

V

53 (53)

47 (47)

11 (11)

22 (22)

33 (33)

27 (27)

7 (7.0)

11 (11)

22 (22)

32 (32)

28 (28)

7 (7.0)

Table 1:  Frequency of gender, CVM and hand wrist stages 

*CVM, cervical vertebral maturation; HWR, Hand wrist 

radiograph

The relation between age and CVM were similar in both 

males and females as shown (Table 2). 

Gender CVM Mean ± SD

Male

I

II

III

IV

V

I

9.29 ± 0.49

10.7 ± 1.06

12.19 ± 1.11

13.09 ± 0.83

13.67 ± 1.15

9.5 ± 0.58
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exposure for the orthodontic cases[16]. Most of the 

orthodontic cases were in growing age and many factors 

are associated with this age which predisposes these 

patients more to the malignant changes than adult 

population. Some of the factors are: during growth cell 

multiplication was more so, more chances of malignancy, 

second these cases have more life expectancy and third 

their body structure was small as compared adults so more 

concentration of radiation [17]. We used Chi-square test to 

see association between the two methods. As both HWR 

method and CVM method were categorical variables and 

from statistical  standpoint correlation between 

categorical variable was impossible by Pearson correlation 

test which is gold stand test for linear relationship.  The 

correlation between such variables was computed 

Spearman correlation test which assign rank to data and 

transform the original. Liu et al., study results were just like 

contingency table of chi-square test [18]. A study was 

conducted on Chinese population by Alkhal et al., on 400 

subjects  in which female were in age range of 10-15 years  

and males were in age range of 12-17 year [19]. All the 

subjects were in circumpubertal growth spurt (stage 3 and 

4 of CVM).  Their results showed a very high correlation 

between CVM and HWR by Fishman method (for males r = 

0.93, for female r = 0.94).  These results are similar to our 

study.  Gandini et al., study was conducted on comparison 

of CVM and HWR on 30 cases in age range of 7 to 18 years.  

They used Cohen Kappa test for relation between CVM and 

HWR and reported concordance of 83.3% between two 

methods [20]. 

D I S C U S S I O N

This study was conducted to compare two methods for 

assessing skeletal maturation. Our results showed that 

there is no signi�cant difference between hand wrist 

method of Fishman and CVM of Bacetti et al.,[14]. Our 

�ndings showed that the mean age was 11.79 ± 1.62 years 

with range from 9 to 15 years.  We include only growing 

participants which commonly belong to this age range. Due 

to secular trend and modern life style now individuals grow 

early and achieve maturity a bit earlier than before [15]. Our 

�nding showed that all stage 1 of CVM was correlating with 

stage 1 of HWR. There was 95.45% correlation between 

stage II of both methods.  Our results revealed that CVM can 

be used as an alternative to Fishman HWR method. The 

most common drawback of HWR was extra radiation 

Similarly, the relation between age and hand wrist 

radiograph were similar in both males and females (Table 

3).

Table 2: Mean age in various stages of CVM in both genders

Gender HWR Mean ± SD

Male

I

II

III

IV

V

I

II

III

IV

V

9.29 ± 0.49

10.64 ± 1.03

12.36 ± 1.01

13 ± 0.85

13.67 ± 1.15

9.5 ± 0.58

10 ± 0.77

12.28 ± 1.23

12.88 ± 1.2

13 ± 0.82

II

III

IV

V

10 ± 0.74

12.18 ± 1.19

12.94 ± 0.85

13.75 ± 0.96

Female

Female

Comparison of cervical vertebral maturation and hand 

wrist radiograph show that there was no statistically 

signi�cant different between two methods for assessing 

skeletal growth status (p=0.697). All stage 1 of CVM was 

correlating with stage 1 of HWR. There was 95.45% 

correlation between stage II of both methods.  Rest of 

results is shown (Table 4).

Table 3: Mean age in various stages of HWR in both genders

HWR growth 
stages

CVM stages n(%)
p-value

I

II

III

IV

V

11 (100.00)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

0.697

I II III IV V

0 (0.00)

21 (95.45)

1 (4.55)

0 (0.00)

0 (0.00)

0 (0.00)

1 (3.03)

30 (90.91)

2 (6.06)

0 (0.00)

0 (0.00)

0 (0.00)

1 (3.70)

25 (92.59)

1 (3.70)

0 (0.00)

0 (0.00)

0 (0.00)

1 (14.29)

6 (85.71)

Table 4: Comparison of cervical vertebral maturation and hand 

wrist radiograph

*Fisher exact test

C O N C L U S I O N S

Within limitations of this study it can concluded that 

cervical vertebral maturation can be reliable alternative to 

hand wrist radiograph for skeletal maturation assessment. 
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